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THIS BOOK IS DEDICATED TO 


all those who hax^c helped to fotnid. to maiutaht^ 
to direef, avd to earn tru the uvrk of the field 
laboratories of the xwrld. io their efforts rir oxiv 
vmeh of imr knowledge of the hmrtebrates. 

A few of the larger marine laboratories have become veritable 
universities by the seashore, with summer classes, good research 
facilities, and fine libraries. They maintain displays of living 
animals that are of interest to any serious amateur naturalist 
who may stop to visit. The smaller marine laboratories, as well 
as those beside fresh waters or located in many terrestrial habi- 
tats from the tundra to the tropical forest or desert, haye more 
modest facilities but are equally hospitable. Large or snail, 
these field laboratories, or biological stations, make their greatest 
contribution by enabling scientists to live and work in places 
where animals can be studied in their natural surroundings. 
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Preface 


T 

XHE oldest pictures of living invertebrates that have come down to us, from about ISOO 
B.C., are of the octopuses that Cretan artists painted on their beautiful vases, and of the 
cockles and nautiluses that they worked into the designs of their frescoes and faiences. The 
first book illustrations of animals were those of Aristotle, who made many diagrams to support 
the descriptions of animal structure in his texts. The diagrams were lost long ago. but many of 
them have been reconstructed from his references to them and from his excellent descriptions 
in the Historia Animalium. Since Aristotle's day no better way has been devised for com- 
municating det " of anatomical structure or embryological development than the well- 
designed drawing or diagram. 

No diagram, however, could have helped Aristotle to impart to his students the full attrac- 
tion of the world of invertebrates that had kept him for much of two years on the island of 
Lesbos. He became so enamored of the shore invertebrates that he passed day after day leaning 
over the edge of a boat intent on what he could see in the still, clear, shallow, sunlit waters. 
The graceful stances, the variety of behavioral postures, the delicate textures, the subtle and 
rich colorings, and whatever it is that so completely fascinates those who sec invertebrates at 
first hand in their natural surroundings-- all these are not easily communicated to others. 

After Aristotle, interest in marine invertebrates declined: scientific inquiry into animals was 
first neglected and then actively discouraged. During the Middle Ages people of religious out- 
look tended to look upward, and the birds were of primary interest. Then came the new age of 
marine discovery: the sea was once more in fashion, and interest in fishes and in manne 
invertebrates returned. From Renaissance to modern times, artists mobilized every skill to 
depict living animals as they saw and enjoyed them. Wood engravings, steel engravings, and 
color printing inevitably fell far short of the reality. Artistic effort in biological books declined 
during the first half of this century, as artists found more lucrative outlets for their skills and as 
book-production costs soared. Photographers seemed the natural successors to artists, but 
technical limitations made them train their heavy cameras on domestic animals or on the 
same big-game mammals of Africa that were already known to us through the di-splays of zoos. 
Not only were the smaller invertebrates more difficult to photograph b^use of their size and 
timidity, but many of the most attractive ones lived below the surface of the sea or were 
accessible to a camera only a few days in the year, when the lowest tides happened to coincide 
with the sunniest mornings. 

More than two decades ago a few photographers rejected the methods of the wire-and«pin 
school of nature photography with its long bellows extensions and fixed lighting equipment 
used to photograph dead, propped-up insects. Armed with faster lenses and the newest flash- 
bulbs, they went whenever possible into the field, turning up logs in the tropical rain forest and 
following the tides out on dark, foggy mornings. The black-and-white photographs made 
this group were a vast improvement over earlier ones, and they revived an interest in inverte- 
brates and in books on invertebrates. Then suddenly, in the last decade, there was a major ad- 
vance in the photography of animals. Faster color films and newly poruble electronic lighting 
equipment have sent naturalist-photographers into the field in greater numbers than ever. The 
aqualung has taken the skin-diving photographer to the ocean bed to bring back beautiful 
images of one of the last unexplored ^‘landscapes** on our planet. The aqualung has itseir 
brought the enchantment of marine invertebrates to many thousands in areas and at depths that 
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once were accessible only to a handful of swimmers. This has helped to add many to the in- 
creasing audience for books on invertebrates. Most of the new books that treat at all of in- 
vertebrates are limited to those of the seashore or of shallow marine waters and deal with the 
animals from an ecological viewpoint and according to their habitat. This is a much needed 
approach, and many such books are listed in the bibliography. But the series of which this is the 
fifth volume (earlier volumes have covered mammals, reptiles, birds and insects, and forth- 
coming volumes will cover fishes and amphibians) is designed to supply the need for a new set 
of illustrated natural histories arranged systematically, group by group, and proceeding from 
the primitive forms to the most specialized ones. Thus the present volume is a natural history of 
the invertebrates (excepting the insects). But it necessarily presents the animals on a different 
scale from that of the other volumes, which dealt with no more than a single class of animals. 
The authors have had to cope with the many invertebrate phyla without allowing the extreme 
limitations of space for such a project to turn it into a mere catalogue, lacking the vivid detail 
and discursiveness that make for readability. The plan adopted here seems a reasonable 
compromise: the smaller phyla are covered only in generalized accounts followed by a treat- 
ment of a few typical or better-known examples. The large phyla are described in general ac- 
counts, as are all of their living classes. Below the level of class the treatment is not completely 
systematic; however, where possible, the specific examples are selected so as to give some 
representation to all the important orders. Internal structure and embryological evidence are 
mentioned only when indispensable for understanding of some aspect of behavior or of an 
animaFs position in the evolutionary sequence. For the most part the evidences for classifica- 
tion are only alluded to; they cannot be adequately expounded in a book of such broad scope. 

It should be noted that the inserts of color plates involve special technical problems and so 
do not necessarily adjoin the corresponding text, nor do they in all cases follow exactly the 
sequence of the text. The biaok-and-white photographs accompany the text and follow the 
same sequence. 

Natural history is the oldest and the most diffuse of all the branches of biology. A realistic 
acknowledgement of the written sources of the material in this book would have to begin with 
Aristotle, who supplemented his own experience by drawing on every possible source, in- 
cluding fishermen, peasants, and mere hearsay. From his time to ours these same informants 
have been contributing, along with better-trained or professional observers. This has weighted 
down natural history with much unreliable information, but it also has given it advantages in a 
day in which most branches of biology have become so specialized and so experimental as to 
create an unbridgeable gulf between the professional worker and the interested layman. 
Although much of the material of natural history is first published in scientific journals, and 
the authors have drawn mostly on these sources as a matter of habit, the field is one in which 
original material is also published for the first time in natural history books or even in popular 
magazines. 

The first half of the text, that covering the protozoans through the entoprocts, was written by 
Ralph and Mildred Buchsbaum; the second half, that dealing with the chaetognaths through 
the invertebrate chordates was written by Lorus and Margery Milne. 
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Introduction 


T 

AO develop a really friendly feeling for a jelly- 
fish or a flat worm takes a lively imagination. And 
even to tell head from tail in many invertebrates one 
also needs some information. This poses for the 
writer on invertebrates special problems of presenta- 
tion that do not arise in quite the same way in books 
on the natural history of vertebrates. Show anyone 
a vertebrate, even so lowly a one as a goldfish, and 
he can immediately identify himself with it, for it 
has the same '*two-sided*' or bilateral symmetry as 
himself. He not only knr , head from tail but back 
from belly and right side from left. He knows where 
to approach it with an offering of food, and which 
end will go first when it swims away. Gazing into its 
two symmetrically placed eyes, he does not doubt 
that the fish is looking at him, and he may even im- 
agine that his image evokes a psychological response 
that is closely akin to his own feeling of relatedness. 

Not so with many of the lower invertebrate groups. 
Their bodies may be spherical, as in many of the 
floating protozoans, or they may be radial in sym- 
metry, as in jellyfishes and corals. Even in bilateral 
invertebrates like mollusks and insects, the legs may 
wrap around the head, the multiple eyes may encir- 
cle most of the body, or the ears may be mounted in 
the legs. There are groups of invertebrates that su- 
perficially are difficult to distinguish from seaweeds 
and are almost as unresponsive. Many of the most 
fascinating invertebrate groups require the use of a 
hand lens or a microscope to be seen at all. Yet it is 
the very strangeness of invertebrates — in contrast to 
the relative sameness and predictability of the gen- 


What is an 

The word “invertebrate” is a semantic blanket 
that covers most of animal kind and reveals nothing 
of the varied shapes that have been thrust under it. 
To lift one corner and glimpse a few of the more 
familiar invertebrates — worms, starfishes, snafls, 
clams, crabs, and butterflies — is a mere beginning 
toward appreciating a variety of creatures that range 
in size and in complexity from microscopic proto- 
zoans to giant squids 50 feet long, and that com- 
prise 97 per cent of the nearly a million different 
kinds of animals that scientists have so far described 
and named. About 685,000 of the invertebrate spe- 
cies are built very mui^ alike and are grouped to- 
gether as the class Insecta. They are treat^ in a 


erally four-limbed vertebrates — that attracts us to 
strongly. Whether we are exploring the sea bottom 
with an aqualung, eagerly following a receding tide, 
oi merely wading about in a brook, the constant ex- 
pectation of coming upon some hitherto unimagined 
living shape or some undreamed-of way of life is an 
exciting challenge — but a challenge on a purely aes- 
thetic or intellectual level. For there is little emo- 
tional warmth to be derived from fondling a beauti- 
ful jcllyflsh or a colorful crab. Though there is great 
sensual enjoyment', in the kaleidoscopic variety of in- 
vertebrate shapes and color patterns, this has its 
limits — even with animals as lovely or as bizarre as 
are many of the invertebrates. 

The inexhaustible possibilities for intellectual en- 
richment through contact with invertebrate animals 
must come mostly through knowing something of 
their habits, their distribution, their role in the nat- 
ural communities in which they live, their variety of 
structure, the basic relationships of even the most 
seemingly diverse forms, their relative structural 
complexity, and their origins in the grand scheme of 
evolutionary history. The last four matters, it must 
be added, can only be touched on in a book of this 
kind. 

The authors hope only to give the reader, through 
both text and photographs, some vicarious familiar- 
ity with the external appearance of invertebrates 
(excepting the insects) and some understanding of 
their habits, their environmental adaptations, and a 
few of the more interesting ways in which they en- 
ter into our own lives 


separate volume in the series of which this book is 
a part. 

To be called an invertebrate, an animal need have 
no one special shape, nor any specific structure, nor 
any single positive attribute. It need only, for uik of 
a vertebral column or backbone, be excluded bom 
the select company of the vertebrates. AH verte- 
brates, including man, have down the middle of die 
back a row of articulated bones or sometimes carfr 
lages. Each of these pieces, called a vertebra, b 
ri^; but since the vertebrae are movable upon one 
another, they provide just that combination of 
tensile stren^ and fl^ibility needed to support te 
large body size, the marked muscularity^ and iSe < 
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speed that characterize the vertebrate way of life. 
In contrast, the invertebrate groups generally lack 
any kind of rigid internal skeleton to which power- 
ful muscles can be attached, and many of the groups 
consist of small, soft-bodied, flabby animals that 
drift, crawl, burrow, gllide, or inch their way along. 
Some, like the clams and the arthropods, do have 
hard skeletons that support and protect the body and 
provide a rigid surface against which muscles can 
pull, but these are external encasing skeletons; and 
a hard covering that must enclose the whole body 
grows disproportionately heavy with increase in body 
size. Many invertebrates move swiftly, but mostly in 
bodies of very small size. 

A striking difference between vertebrates and in- 
vertebrates has been apparent to man at least since 
the prehistoric time when he was a primitive nomad, 
managing a precarious existence as a fisher, a hunter, 
and a gatherer of seeds and fruits. We can imagine 
him one day stalking a wolf and getting nothing for 
all his skill and courage but a few slashing bites from 
the sharp teeth of his big, fast, and intelligent verte- 
brate adversary. Then, coming out of the wood^ to a 
rocky seashore at low tide, he discovers that the 
rocks are covered with a very different kind of crea- 
ture — a shelled animal that neither flees nor turns on 
its attacker but lies quiet and defenseless within its 
hard shell until this is split open, with a rock, to ex- 
pose the soft, flabby, deliciously edible, bite-size in- 
vertebrate within. Seashores in many parts of the 
world bear witness to such scenes of long ago as this. 
On the shores of Denmark, for example, there are 
huge mounds that are filled mostly with the shells of 
mussels, periwinkles, and cockles, but also contain 
charred tenes, stone tools, and other kinds of refuse 
discarded in these prehistoric kitchen middens. 
There is no difficulty for us today in distinguishing 
invertebrate remains from vertebrate, for no sub- 
stance quite like bone is found in any invertebrate 
group (thou^ they do sometimes have cartilage- 
like materials). The texture and detailed structure 
of bone is unique to vertebrates; and even the de- 
posited salts, of calcium phosphate, are seldom 
found in* invertebrate skeletons, which are typically 
of calcium carbonate. 

In radially symmetrical invertebrates there is no 
head, and the central nervous system is a ring of tis- 
sue encircling the animal. But in the much more nu- 
merous bilateral invertebrates the central nervous 
system is a pair of solid nerve cords that run along 
the midline of the belly (not the back, as in verte- 
brates). Eadh cord has swellings, the nerve ganglia, 
that ^ concentrations of nerve cells and that act as 
nen^jkiiterB. In those invertebrates that have hea(k, 
the largest ganglion is in the head, where the sense 
organs are concentrated, and it is called the brain. 
^ Tte amall invertebrate brain has room for few cells 


that are free to do much except coordinate the mus- 
cles and relay information from sense organs to mus- 
cles. Even if the tiny brain were capable of handling 
much learning, there would scarcely be time for such 
a luxury in the great majority of invertebrates, for 
most have brief life cycles. They usually feed, grow, 
reproduce, and die within a few weeks or, at most, 
months. To do this, they must come into the world 
equipped with instinctive behavior patterns, and 
these are promptly elicited by the stimuli of their en- 
vironment. Only to a very limited extent can they 
take advantage of the adaptive possibilities and of 
the flexibility of learned behavior. Though we can 
demonstrate, even in the one-celled protozoans, 
some capacity to modify behavior as a result of ex- 
perience, it is instinct, not learning, that dominates 
behavior in the invertebrate world. This is true even 
in the generally highly developed line of evolution 
that led to the insects. 

All invertebrates are cold-blooded; that is, they 
have no mechanism for controlling their internal 
body temperature, which in turn controls the rate at 
which bodily activities can take place. At all seasons 
they must adjust to the temperature of the external 
environment — ^living actively when temperatures are 
moderately high, becoming dormant or dying when 
temperatures are very low or very high. None has 
the capacity to be up and about at either of the tem- 
perature extremes to which a warm-blooded verte- 
brate like man can adjust. This does distinguish 
them from the warm-blooded birds and mammals — 
but not from the lower classes of vertebrates, the 
Ashes, amphibians, and reptiles, which also are cold- 
blooded. In a desert at high noon or on an arctic 
tundra in the dead of winter, we would see none but 
birds and mammals on the move. Only in tropical re- 
gions, where cold-blooded animals can remain ac- 
tive at all seasons, or in all the great seas of the 
world, where the water masses themselves act as 
thermal regulators for the animals that live in them, 
is it readily evident that ours is indeed an inverte- 
brate world. 

One may seriously question whether it is logical 
to divide the animal kingdom into animals with and 
animals without backbones, since there are only 
some 55,000 species of vertebrates and nearly a mil- 
lion known species of invertebrates — ^perhaps several 
million when zoologists have finally named and de- 
scribed all of them. The vertebrates are admittedly 
a highly successful group; and many of them, such as 
man, are big, cunning, aggressive, and noisy, and at- 
tract an undue amount of attention to themselves. 
From the viewpoint of a zoologist, though, the five 
kinds of vertebrates — ^fishes, amphibians, reptiles, 
birds, and mammals — are all so similar that they 
must be considered only as five of the dasses of one 
major phylum or group, the phylum Chordata. Shar- 



ing the same phylum with the vertebrates (in most 
classifications) are three small subphyla of inverte- 
brate chordates built on the same basic body plan 
but lacking the vertebrated backbone and other in- 
ternal bones. 

The union of invertebrate animals, on the other 
hand, is not a natural grouping but merely a con- 
venient device for talking about at least twenty-eight 
different phyla — ^some say more — with as many 
different basic designs for living. The discrepancy in 
number of phyla results from differences of opinion 
as to just what constitutes a body plan distinctive 
enough to entitle a group to a phylum of its own. 

Classifying animals in neat cubicles labeled with 
long, resounding names tends to obscure the fact that 
such names designate p! a of very different size 
and importance, and that the characteristics used to 
differentiate the groups are not always of equal mag- 
nitude. To emphasize these points, the list of phyla 
given below has apposed to it rough approximations 
of the number of living species and also a few sub- 
headings that indicate either deep cleavages or broad 


Subkingdom Protozoa 
Phylum Protozoa: 30,000 
Subkingdom Parazoa 
Phylum Porifera: 4,500 
Subkingdom Metazoa 
Phylum Coelenterata: 

9,000 

Phylum Ctenophora: 80 
Phylum Mesozoa: 7 
Phylum Platyhelminthes: 
9,000 

Phylum Nemertea: 570 
Phylum Nematoda: 10,500 
Phylum Rotifera: 1,200 
Phylum Gastrotricha: 100 
Phylum Kinorhyncha: 30 
Phylum Priapulida: 6 
Phylum Nematomorpha: 80 
Phylum Acanthocephala: 
400 


Subkingdom Metazoa 
(continued) 

Phylum Entoprocta: 60 
Phylum Chaetognatha: 30 
Phylum Hemivhordata: 100 
Phylum Pogonophora: 22 
Phylum Phoronida: 15 
Phylum Bryozoa: 6,000 
Phylum Brachiopoda: 260 
Phylum Sipunculoidea: 

250 

Phylum Echiuroidea: 60 
Phylum Mollusca: 40,000 
Phylum Annelida: 6,000 
Phylum Arthropoda {ex~ 
elusive of insects): 65,000 
Phylum Echinodermata: 
5,500 

Phylum Chordata {exclu^ 
sive of vertebrates): 1,320 


bonds. The numbers given here are only tenta- 
tive and all of them are subject to change as 
new forms are found, described, and named. Occa- 
sionally a group even loses a species or two because 
a specialist finds that two or more named species are 
really variants of the same species. In practice it is 
not easy to decide how much variation can be al- 
lowed within the bounds of a sin^e species or of 
higher ranks in the classificatory scheme, so that the 
‘lumpers*’ and the “splitters” among taxonomists 
often engage in spirited arguments over criteria. If 
there are difficulties even at the species level, where 
the specialists are dealing with the more or less natu- 
ral category that we think of as “a kind of animal” — 
a man or a dog or a honeybee — ^it is little wonder 


that the disagreement increases as we approach the 
larger and more arbitrary groupings. 

It is apparent that the “great divide” in the animal 
kingdom is not that between vertebrates and inver- 
tebrates, even though this distinction was first made 
by Aristotle. He did not use those terms, but mistak- 
enly divided the animal kingdom into the “enaima” 
(“bloody animals”) equivalent to our vertebrates, 
and the “anaima” (“blocxlless animals”) correspond- 
ing to our modern concept of invertebrates. In his 
limited experience with invertebrates he did not hap- 
pen to examine one with red blood, and the colorless 
blood of invertebrates he did not recognize as blood 
at all. Though he also recorded that “all sanguineous 
animals have a backbone,” his error of classification 
stood for more than two thousand years. Then in the 
early part of the nineteenth century Lamarck used 
the terms ‘"vertebrate” and “invertebrate,” and his 
fellow Frenchman, the great comparative anatomist 
Cuvier, made the correct distinction based on the 
fundamental difference in body plan. 

The really wide gap in the animal kingdom, how- 
ever, is that which separates the one-celled animals, 
the Protozoa, from the other phyla which we call 
the Metazoa because they are many-celled. More 
will be said of this in the next chapter. Here it is also 
important to point out the setting apart of the many- 
celled sponges, or Porifera. as a phylum so different 
from other Metazoa that we feel it must have had a 
separate origin from the Protozoa. Among metazo- 
ans an important distinction sunders the two-layered 
coelenterates and ctenopbores from all the groups 
which have three well-developed primary embryo- 
logical layers. This third layer appears b^ween the 
original two, and it produces those firm and bulky 
tissues which are so conspicuously lacking in the 
more fragile kinds of coelenterates. 

The pattern of animal evolution is not a ladder on 
which the various groups have ascended rung by 
rung, but a three-dimensional tree with branclm 
that diverge at various levels. For lack of evidence 
we cannot make out the exact connections of some 
of the branches. But looking up along the main tnmk 
of the tree we see clearly that it soon splits into two 
main branches. One of these is the main line of in- 
vertebrate evolution, which gives rise to the sp^ 
mented worms or annelids; to the two largest inver- 
tebrate phyla, the mollusks and arthropods; and diso 
to most of the smaller groups. The other main braarii 
is a minor diversion as far as invertebrates go, for it 
has only one sizeable invertebrate phylum, & Bdd- 
nodermata, which includes the starfishes and thefar 
allies. These are sluggish creatures, lacking a head, 
losing their two-sided symmetry, and possmsing the 
most feeble kind of nervous system. Yet from this 
stock, man and the vertebrates ^ipear to have cony. 
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CHAPTER I 


The Protozoans 

{Phylum Protozoa) 



Radiolarians, a paramecium (upper cen- 
ter) and three flagellates 



T 

XHE protozoans belong to a microscopic world 
into which we may peer, but only through a glass 
darkly. We have no hope of coming face to face with 
the problems of their microcosm because our faces 
are too big and our sense organs are scaled accord- 
ingly. This difference in size, however, does not de- 
ter the protozoans from entering very importantly 
into the natural economy of which we are a part, or 
from invading our bodies and living there as para- 
sites or as uninvited commensal guests that share 
the organic matter we ingest. For many thousands of 
years men have been dying of protozoan-caused 
amebic dysentery and African sleeping sickness. The 
Roman Empire is often said to have fallen victim 
not so much to political events as to the protozoans 
that cause malaria. Again and again epidemics of 
protozoan-caused disease have returned to decimate 
the aj^als that man has taken into his economic 
hommtMt causing widespread distress among those 
who*'-iimd silkworms, honeybees, or domestic flocks 
and herds. Yet the microscopic organisms — at least 
100,000 kinds of them, protozoan and otherwise, 
and many of them occurring on everything men 


touched or ate — ^went unknown and unsuspected 
during almost all of man's long history on earth. 

Then, in 1674, a minor Dutch official named 
Leeuwenhoek trained a simple lens of his own mak- 
ing on some water from a small inland lake near his 
home in Delft and became the first to observe and 
describe living protozoans. 

By 1816, when Baron Cuvier was putting together 
Le Regne Animal, the first important modem work 
on animal classification, he had to write in his pref- 
ace that ''infusorians, offering no field for anatomical 
investigations, will be briefly disposed of.” By in- 
fusorians he meant protozoans and rotifers (p. 137), 
because they were the most numerous of the micro- 
scopic forms to be found in infusions, standing water 
containing decaying organic matter. He disposed of 
the infusorians in two and one-half pages in a book 
that ran to about two thousand. Today our knowl- 
edge of protozoans is a major branch of biology and 
fills many hundreds of published volumes. The in- 
troduction of achromatic lenses for the microscope 
has made it possible to see the detailed structure of 
Leeuwenhoek’s "very little animalcules,” whose ex- 
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traordinary variety and complexity first fascinated 
and then overawed the earlier microscopists. Though 
some workers delineated the protozoans in superb 
engravings which we still admire, they also put curi- 
ous interpretations upon what they saw, because 
they tried to find stomachs and intestines and kid- 
neys in little animals that they visualized always in 
terms of vertebrate anatomy. Only when it was re- 
alized that protozoans are not miniatures of the 
larger beasts but animals organized in a very differ- 
ent way from all the other groups did biologists begin 
to make real headway. Now we understand the 
protozoan body to consist of a minute bit of a com- 
plex mixture of substances known as protoplasm, 
bounded externally by a membrane and containing 
at least one formed bodv the nucleus. In all other 
animals the body is buiii up of a very large number 
of such nucleated units of protoplasm, called cells. 
Whether to think of a protozoan as a single cell, or 
to consider it noncellular (or acellular) because 
the body is not partitioned up into units as in the 
many-cclled metazoan groups, is a matter still de- 
bated by specialists. For our purpose it is enough to 
keep in mind that a protozoan is not comparable to 
a single cell of a man but to his whole body. 

Size is not the criterion for putting protozoans 
into a special subkingdom Protozoa apart from all 
the animals of the other subkingdoms. As we shall 
see later, there are groups of metazoans that are en- 
tirely microscopic, and some as big as lobsters that 
have free-swimming microscopic stages when they 
first hatch from the egg. The larger protozoans regu- 
larly capture and devour adult metazoans related to 
the lobster, though sometimes not without a truly 
heroic struggle. The important distinction, as has 
already been f)ointed out, is that of body design. And 
it is at least as remarkable that protozoans are able 
to carry on all the complex processes of life within a 
single microscopic globule as that many-celled ani- 
mals can do the same thing through the combined 
activities of vast numbers of walled-off and special- 
ized units. 

Having just settled the protozoans comfortably in 
their place, it seems a little belated to poinf out that 
some zoologists have tossed them out of the animal 
kingdom altogether. The problem of their status be- 
gan to puzzle microscopists from the moment that 
Leeuwenhoek first saw green globules swimming un- 
der their own power. Today many zoologists stfll 
maintain that green unicellular forms that move 
about actively are properly members of the irritable, 
restless animal kingdom. Equally firm are the bota- 
nists who claim that such forms belong to the plant 
kingdom, since the green color is that of chloro^yH. 

Those who feel less sure about what to do with 
sedentary one-celled |^ts that have actively swim- 
ming sex cells, or where to place swimming green 


forms that can lose their pigment and feed like any 
animal when conditions change, decline to take sides 
in this tug of war. They prefer to set up a third king- 
dom of living organisms, the Protista, that admits 
any form not divided into separate cells. Colonial 
forms are included because they do not show enough 
division of labor among the aggregated celts to be 
considered truly multicellular. 

The very existence of modem plant-animals that 
are green but swim actively and that can shift from 
plantlikc to animal-like feeing habits suggests that 
there was at one time u primitive stock of green mo- 
tile organisms, perhaps very much like modern green 
flagellates (p. 22) from which both plant and ani- 
mal kingdoms have arisen. Because this book is about 
animals, it is more convenient here to put flagellated 
organisms that swim about actively, whether green or 
colorless, in the phylum Protozoa. This first great 
grouping in the animal kingdom, as mentioned ear- 
lier, is set aside in a special subkingdom of its own. 

Numbers 

The protozoans or '*first animals” deserve their 
name in more than just the chronological sense. Ev- 
ery larger animal that we carefully examine turns 
out to harbor one or more species of protozoans, and 
protozoans themselves may play host to even smaller 
uninvited protozoans. So it is quite safe to guess that 
the number of individual protozoans in the world 
exceeds by far that of all other animal species com- 
bined. In the seas, which coser three-quarters of the 
globe, free-living protozoans occur from top to bot- 
tom. The billions upon billions of protozoans in such 
masses of water are really incomprehensible to our 
simple mammalian minds. 

Despite the inconceivable numbers of protozoans 
in all bodies of water and in all surface soils, and the 
intimate association enjoyed by some twenty-five 
different species of protozoans that live in man, no 
large grouping of animals is so unfamiliar at first 
hand to all but professional biologists. In the nine- 
teenth century in England and on the Continent, 
every gentleman of wealth who had any pretensions 
to intellectual curiosity displayed a microscope in his 
living room and perhaps belonged to a microscope 
club in which he could exchange his latest observa- 
tions with like-minded friends. This has gone out of 
fashion, and the only microscopes found in oiost 
homes are toylike versions for children. The aifROU 
incredible fairyland of beautiful and bizarre crea- 
tures that swim, feed, pursue each other, and le- 
produce — ^unabashed by the gaze of anyone who 
chooses to look at them throu^ a microscope — may 
some day again become a source of entertainment 
and intellectiial satisfaction after we have poshed 
most of the bigger animals to near extinction. For 
protozoans are accessible to anyone who can sfltre. 




Long and slender Sfriroitomum, a 
giant among protozoans, dwarfs the 
smaller, slipper-shaped Paramecium. 
Two rotifers in this same microscope 
field are many-celled animals, yet are 
barely larger than the paramecia. 
(General Biological Supply House, 
Chicago) 


the space for a jar of water from a bird bath, a stag- 
nant pool, or the plant-invaded edge of a pond. 
There are known to us roughly thirty thousand spe- 
cies of protozoans, and new ones are reported almost 
every day. But there are also presumably respect- 
able ones that are suddenly dispossessed of their 
status and have to move in with their relatives be- 
cause they are shown not to be different enough to 
be considered separate species. 

Size 

Protozoan predominance in number loses some of 
its overwhelming impressiveness when we consider 
that almost all protozoans are minute and that most 
of them are microscopic. The smallest forms, para- 
sites that live within other animal cells, are only 2 
microns (1 micron = V^n.ooo of an inch) in their 
longest diameter. To learn much about the structure 
of such animals is difficult even for the most experi- 
enced microscopists using the best microscopes. For- 
tunately, most of the free-living forms come in larger 
pBckggj^but even these are invisible to the naked 
eye evf dpit when a colored species multiplies so fast 
|hat throu^ sheer density it colors sea water pink, 
k rain pool blood-red, forms green scum on ponds, 
Of gjives a pink or greenish cast to large snow banks. 


Paramecium caudatum is of moderate size (180 to 
300 microns or to ‘'/^oo of an inch) and can 
barely be seen by the unaided eye as a white speck 
darting about in a dish of pond water. Ten times 
larger than this are such fresh-water giants as 5p/- 
rostomum and Stentor, which often measure more 
than of an inch. Even these are dwarfed by the 
shelled foraminiferans of marine waters. If we ad- 
mit to the phylum Protozoa the slime molds (the 
Mycetozoa), which many botanists classify as fungi, 
then these super-amebas, with hundreds of nuclei 
but without cellular partitions, are by far the largest 
protozoans. During the multinuclear stage the ame- 
boid body may extend for several feet as it crawls 
slowly over a rotten log on the forest floor. The size 
of any particular protozoan may vary with nutri- 
tional state and with changing conditions in the en- 
vironment. It depends also upon consistent heredi- 
tary differences that mark the many races or strains 
of any one species. So size is not always a depend- 
able criterion for identifying a protozoan. Neverthe- 
less, a fairly definite adult size does characterize 
each species, as well as each stage of its life cycle. 

Gross Structure 

Though it will save time to consider the protozo- 
ans as a whole before going on to separate accounts 
of the classes, generalizations come hard about a 
group that matches all of the rest of the animal king- 
dom in its range of sizes, shapes, habitats, structural 
specializations, feeding habits, and life cycles. Only 
the basic body plan brings all of these extraordinarily 
varied creatures into a single grouping. The body 
consists of one undivided mass of living substance, 
or protoplasm, bounded by an external membrane 
that regulates exchanges of materials with the out- 
side environment. Near the center of the proto- 
plasm is a formed body, the nucleus, which is in con- 
trol of essential chemical processes. If an ameba is 
deprived of its nucleus by accidental or experimen- 
tal manipulation, the part without the nucleus may 
move about for a time, but it cannot feed and it 
soon dies. There is usually only one nucleus, but 
when there are two or more, no one nucleus is in 
sole charge of any particular portion of the proto- 
plasm. In some species the division of the original 
mass results in a group of cells that remain attached 
to each other as a protozoan colony. Such a colony 
differs from a multicellular body in that the cells are 
usually all alike except during reproduction and in 
that any one can live independently of the others. 

Body Symmetry 

Protozoans come in every major type of symmetry 
known in the animal kingdom. In this they differ 
from all other groups, for in each multicellular phy- 
lum the members are consistent in having some one 


kind of symmetry. The freely floating protozoans, 
such as the radiolarians, are likely to be spherically 
symmetrical, with organs of locomotion and feeding, 
or protective spines, projecting from the whole sur- 
face and meeting life in every direction. Bottom- 
living forms that grow attached by a stalk are usu- 
ally radially symmetrical, with a mouth at the free 
end surrounded by a ring of food-trapping organs. 
The fast swimmers, various ciliates and flagellates, 
are usually bilaterally symmetrical, with front and 
rear end, top and bottom surfaces. They may have an 
asymmetrical spiral twist at the front. Finally, many 
protozoans can be described only as asymmetrical. 

Habitats 

Protozoan habitats are jII essentially aquatic, 
though the amount of waier required by a micro- 
scopic animal may sometimes be no more than the 
merest film between particles of damp soil or of rain- 
moistened desert sand. Parasitic protozoans find ad- 
equate moisture between or within the living cells of 
their plant or animal hosts. The free-living protozo- 
ans abound in all bodies of water, large or small: in 
puddles of standing rain water and in rain-filled tree 
holes or hollow stumps; in bird baths or flower urns; 
in ditches and canals; in brooks and rivers; in 
swamps, ponds, and lakes; and in all the seas of the 
world. Even the melting surfaces of icebergs, gla- 
ciers, and snow banks have active populations of 
flagellates, as one can tell at a distance by the green- 
ish or reddish cast of such snow. At the other tem- 
perature extreme are the protozoans that live in hot 
springs (at up to 133^F. in one place in Japan). 
This is highly exceptional, of course, and most pro- 
tozoans die when their external environment reaches 
temperatures between 97°F. and 104®F. They lack 
the internal controls that enable a warm-blooded 
(reaUy temperature-constant) animal like man to 
keep his body temperature from rising much above 
98.6*’F. even when his surroundings rise to tempera- 
ture levels that kill living protoplasm. The optimum 
temperature range for activity and growth of proto- 
zoans seems to be between 61 ®F. and 77®F. 

Distribution 

The common protozoan species are ubiquitous. A 
schoolboy who scoops up pond water in Australia is 
likely to find the same species of Paramecium as will 
a boy in Germany or California. Soil samples all 
the way from Greenland to Argentina have yielded 
Amoeba proteus. Apparently, animals that are as 
small as protozoans and have the habit of encysting 
(encasing themselves in a dormant condition within 
a waterproof, resistant wall) are readily transported 
about tlw world by wind, animals, and the slightest 
movement in bodies of ^ater. Thus protozoans, and 
especially those that live in laige bodies of water. 


show very little of the limitations in geografriik dis- 
tribution that are due to mechanical baniers and 
that wc expect in dealing with the larger animals. 
This does not mean that protozoan species do not 
differ where conditions of life make different de- 
mands. In the seas there are characteristic species 
of warm and of cold waters, of shallow and of deep 
waters, of surface waters and of sandy or muddy 
bottoms. Where fresh waters move rapMy, protozo- 
ans are sparse; but where such water is slow-mov- 
ing or stagnant, especially if there is much organic 
matter present, protozoans come into their own. 

The numbers of protozoans, contrary to what 
many people suppose, are greatest in arctic and ant- 
arctic waters, which are richest in the nitrogenous 
compounds necessary for protoplasmic growth. 
Tropical seas are h6me to a great variety of species, 
including most of the really bizarre protozoans, but 
these do not occur in the dense populations that 
make cold waters a kind of protozoan soup. 

The salt content (salinity) of waters also deter- 
mines what species will be found there. Especially 
versatile species are at home in marine, brackish, 
and fresh waters; but most are restricted to one of 
these habitats, or even to a particular level of salt 
content. Brine pools or large salty bodies such as 
Great Salt Lake contain some species of flagellates, 
amebas, and ciliates that are not found elsewhere. 

More critical than salt content for many protozo- 
ans is the acidity or alkalinity of the water or moist 
soil in which they must thrive. \ few species are reg- 
ularly found in extreme situations, such as in the 
highly acid drainage from mines, but most grow best 
under conditions that hover close about the neutral- 
ity point. If grown above or below their most favor- 
able range, some species are not only smaller but 
have a very different body shape. 

In soils protozoans live mostly within six inches of 
the surface, but they can be found in small numbers 
even at depths of several feet. Their numbers vary 
mainly with the supply of bacterial food, and in 
moist, rich soils the density of amebas and flagel- 
lates may reach a million per gram of soil, even 
though you cannot see anything alive about the soil 
as you pass it through your fingers. Whether proto- 
zoans play a role in enriching the soil, or whether 
they are harmful to the soO by destroying sofl-enrich- 
ing bacteria, we do not really know, even though this 
is a matter of great economic importance, 

Encystment 

Where the sun beats down on desert sands proto- 
zoans are scarce. They stay quietly within th^ cyst 
walls except immediately a^ a rain, when Himy 
emerge to feed actively — perhaps for no more than 
a sin^ hour during a whole year. As the sand dries 
the protozoan roun^ up and appears to lose its tpf^ 



cialized structures. It extrudes any undigested food, 
and then shrinks by expelling water. Finally it se- 
cretes around itself outer and then inner cyst walls. 
Many encyst also when they are regenerating in- 
jured parts, reproducing, or simply digesting a big 
meal. Dry cysts have in extreme cases been shown to 
be capable of returning to active life again at any 
time during half a century if proper conditions are 
supplied. For most species the period of viability 
lasts only for several months to several years. En- 
cystment is characteristic of parasitic protozoans, 
for these must temporarily leave their comfortable 
berths inside moist and nutritious hosts in spreading 
the species from one host to another. In the oceans 
encysting protozoans are rare, for the tremendous 
volume of the marine habitai acts as a great stabiliz- 
ing mechanism against changes of any kind. Bodies 
of fresh water are smaller and so less stable as 
aquatic environments. In temporary ponds and 
marshes protozoans regularly encyst and excyst with 
the round of dry and wet seasons. Not all forms can 
do this, and among the exceptions, as far as we 
know, is the familiar Paramecium caudatum. 

The capacity to encyst has opened to protozoans 
a tremendous assortment of land-based but irregu- 
larly moist niches which would otherwise be too un- 
reliable for aquatic organisms. Such are the bark on 
the shady side of trees, the cavities of insectivorous 
plants and of cup-shaped flowers, the axils of leaves, 
the crevices in beds of moss, and the surfaces of 
grasses and other vertical vegetation that are regu- 
larly wet by dew. A special fauna inhabits the freshly 
laid feces of animals, remaining active until the sun 
bakes the feces dry, then encysting again. 

Nutrition 

The protozoan approach to nutrition runs the en- 
tire gamut of possibilities. There are green flagel- 
lated forms able to use the energy of sunshine to 
synthesize their food, like any green plant, from sim- 
ple materials in water and soil. And there are color- 
less protozoans that roam, chase, and capture prey 
like any carnivorous animal. Between these wholly 
plantlike or wholly animal-like methods are a scries 
of intermediate solutions to the problem of earning 
a living. Some forms absorb already synthesized and 
dissolved foods through their external surface and 
are known as saprozoic feeders. These include many 
free-living flagellates as well as most of the parasitic 
protozoans. Others turn from ‘‘independent” or pho- 
tosynthetic habits to saprozoic feeing when occa- 
8ioQfj||p»nits, thus avafling themselves of an alterna- 
tive Worce of food whenever it presents itself. By 
far the greatest number of free-living protozoans 
earn thek living by ingesting whole organisms or 
largo particles of organic debris. They f^ on bac- 


teria, yeasts, algae, wood particles, and small ani- 
mals, either other protozoans or certain small meta- 
zoans. 

Reproduction 

Reproduction in the protozoans is essentially the 
same as in the multicellular groups, for in all animals 
the basic process is cell division. Sexual processes 
are widespread among protozoans, and in some spe- 
cies must take place at intervals or the strain will die 
out, but they do not occur in all species. As far as 
we have been able to determine. Amoeba proteus, 
for example, has only asexual reproduction. When 
the animal has reached a certain size and maturity, 
it divides into two cells, each containing half of the 
nucleus and of the hereditary materials of the nu- 
cleus. This division of the parent cell into two halves 
(binary fission) is the most common method of re- 
production in protozoans. Two other main types of 
asexual division are known. One is budding, in which 
the parent cell retains its individuality while produc- 
ing, by division, one or more “daughter” cells, usu- 
ally much smaller in size and less differentiated than 
the parent. Either before or after it is freed, the bud 
grows to resemble the parent in size and structure. 
Budding is typical of the Suctoria but is rare in other 
groups. Multiple fission, or sporulation, is an asexual 
process in which the nucleus divides many times, 
and then the protoplasm divides into as many off- 
spring as there are newly formed nuclei. This is the 
protozoan version of mass production, and it results 
in extremely rapid multiplication. It is seen espe- 
cially in forms like the sporozoans. Through the vari- 
ous asexual processes a species is assured rapid mul- 
tiplication and the maintenance of its numbers. 
Through sexual processes there arises a steady sup- 
ply of new variants, individuals with new combina- 
tions of hereditary characteristics. Each sexually pro- 
duced individual has the possibility of being better 
adapted in some way than were either of its parents. 
Thus sexual processes provide the hereditary varia- 
tions upon which natural selection may act. Their 
significance for adaptation and evolution is the same 
in the protozoans as in higher animals. In animals as 
small as protozoans growth and reproduction take 
place on a time scale measured in hours, not years. 
Paramecium may undergo binary fission as often as 
three times a day, the smaller ciliate. Glaucoma, 
eight times a day. 

Behavior 

Anyone who observes the speed with which pro- 
tozoans dart backward after striking an obstruction, 
or the persistency with which they squeeze through 
a narrow passageway between two algal filaments, 
or the ingenuity with which a sluggish ameba cap- 
tures a fast-moving ciliate, will want to credit proto- 



zoans with a full share of the irritability and modi- 
fiability that are characteristic of all living proto- 
plasm. Whether this involves "^consciousness** is 
something we can only guess about. A single cell 
cannot provide the complex sense organs or nervous 
system that we see in higher animals, but protozo- 
ans apparently do use flagella, pseudopods, and cilia 
as tactile organs, and probably also as chemorecep- 
tors to detect food or chemical changes in the water. 
Near the front end of many green flagellates there is 
a specialized photoreceptor in connection with the 
red-pigmented eyespot or stigma. Many ciliates, in- 
cluding Paramecium, have been shown to have a 
neuromotor system, a counterpart, within the celt, of 
a nervous system, wh- !) conducts information from 
one point to anothti and which coordinates the beat- 
ing of the cilia. Nevertheless, we know that percep- 
tion, conduction, and responsiveness can all occur in 
what appears to be undifferentiated protoplasm. 
Protozoans in general probably are sensitive over 
the entire surface of the cell to such stimuli as light, 
contact, excesses of heat and cold, concentration of 
chemicals, or presence of food. And when they re- 
spond, they usually do so by a movement of the 
whole animal. The responses of protozoans are ster- 
eotyped, but no more so than the reflexes of higher 
animals. And they are not invariable. 

Body Structure 

In touching briefly on the ways in which protozo- 
ans move about, feed, grow, and reproduce, we are 
reminded again that they perform all of the same 
life activities as do the other animals among which 
they must live and compete. The clear implication 
is that the ""simple protozoans'* are not as simple as 
they appear to the human eye, even though some of 
them have little visible structure. There are, more- 
over, some protozoans that are among the most com- 
plex cells known. One ciliate, Epidinium ecaudatum, 
displays at least forty-eight protoplasmic structures 
that can be described and named. This exceeds the 
complexity of some of the lower metazoans. The 
endless variety of protozoan structural 'specializa- 
tions can hardly be discussed adequately in any- 
thing less than a good-sized treatise. Those merely 
alluded to here are the ones that are visible in the 
accompanying photographs. 

The nucleus is the one structural specialization or 
organelle that is consistently present and indispen- 
sable. It is not always easy to see in the living pro- 
tozoan, especially in a photograph. In a stained 
preparation it usually stains much darker than the 
unspecialized protoplasm or cytoplasm. The nucleus 
may appear quite different during the various stages 
of the life cycle. A protozoan that has recently fed 
contains conspicuous food-filled globules, the food 
vacuoles. These are not specialist structures but 


merely droplets of water containing ingested food in 
various stages of digestion. The surrounding proto- 
plasm secretes digestive enzymes into these food 
vacuoles, and as the food body undergoes digestion 
it gradually dissolves, the dissolved substances pass- 
ing into the protoplasm to be used there for supply- 
ing energy or growth needs. Flagellates that manu- 
facture their own food by photosynthesis have no 
food vacuoles (with rare exception), hut instead 
have one or more prominent pigment bodies, the 
chromatophores r'color-bcarers*’). These may be 
bright green, yellow, green, or brown— depending 
upon how much yellow or red pigment is present to 
mask the bright green color of the photosynthetic 
pigment, chlorophyll. A conspicuous organelle is the 
contractile vacuole, a pulsating clear globule that ac- 
cumulates and expels to the exterior excess fluid 
from the protoplasm of many protozoans, espe- 
cially fresh-wuter species. Such vacuoles are usually 
absent in marine or parasitic forms other than cili- 
ates. In ciliates the feeding habits tend to increase 
the amount of fluid taken into the body. There is no 
very good evidence for supposing that the contractile 
vacuole also acts as a special device for ridding the 
organism of metabolic wastes, in the manner of the 
vertebrate kidney. And in any case this could not be 
its major role, since so many protozoans are able to 
do without a contractile vacuole. Usually there Is 
only one such vacuole, as in Amoeba proteux, but 
Paramecium has two, and some protozoans have 
many. The locomotor organelles, and an extraordi- 
nary array of skeletal structures that encase or sup- 
port the delicate protoplasm, especially of the flagel- 
late and ameboid types, will be descried in connec- 
tion with the groups in which they occur. 


The Flagellates 

{Class FlageUata or Mastigophora) 

The flagellated protozoans or **whip-bearen’’ are 
the most widely distributed of the protozoans, occur* 
ring in every place that it is moist, from hot springs 
to the melting surfaces of glaciers. In all Mps the 
greatest portion of the protozoan component of the 
floating surface population consists of flafellatss. Al- 
most any bit of unlovely green scum from the sorbee 
of a pond, when mounted in a drop of water oa a 
microscope slide, will suddenly become transformed 
into a field of shimmering, green, ovate cieatures 
that swim rapidly but widi a jerkiness that distin- 
guishes them from their more smoodily gliding cili- 
ated rdatWes. The jerkiness is not due to an teer- 
mittent supply of power but to the rotation andfjrrfr. 
tion of the body as the flagellum is thrust 
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forward with a whiplike motion that draws the ani- 
mal along. It usually cuts a spiral path in the water 
but moves in a fairly straight line. 

Now that spindles are no longer so common as 
they used to te, words like *‘fish-shaped” or **sub- 
marine-shaped” are replacing “spindle-shaped" in 
descriptions of these little animals, which tend to 
be widest in the middle and tapering toward both 
ends. The front end may be more rounded than the 
rear, or just the reverse. In either case the end that 
goes first in locomotion has some sort of depression 
into which the flagella (usually one to four in num- 
ber, but sometimes eight or many) are inserted. 
The outer layer of most flagellates is firm enough to 
maintain a constant body shape. The surface cover- 
ing may be a stiff pellicle handsomely sculptured 
with spiral or longitudinal ridges, or it may be thin 
and plastic and allow for squirming “euglenoid 
movements," named for the familiar fresh-water 
Euglena in which they are most often seen. A com- 
pletely constant shape is shown by those dinoflagel- 
lates that are enclosed in hard skeletons. When a 
hard surface layer is absent altogether, the animal 
may be ameboid, at times even losing the flagellum 
and moving about by extending pseudopods. 

The flagellates are the only group in either plant 
or animal kingdoms that utilizes all ^ree main meth- 
ods of feeding: photosynthesis, saprozoism, and in- 
gestion of solid food. Even a single flagellate species 
may use the whole repertoire. The photosynthetic 
flagellates feed like plants, and all have pigmented 
bodies containing the green pigment chlorophyll; but 
the green may be masked by additional pigments 
that make it appear red, yellow, or brown. Even flag- 
ellates that lack chlorophyll may show, in the proto- 
plasm, refractive bodies which contain reserves of 
starch or a similar substance. These have a pale blu- 
ish green tinge and should be easily distinguishable 
from the bright green color of chlorophyll. Food re- 
serves also include oil and fats. Photosynthetic flag- 
ellates usually have a pigmented eyespot or stigma, 
near the base of the flagellum, that partly shades a 
highly li^t-sensitive region of the protoplasm and 
enables &ese animals to orient readily to light and to 
remain as much as possible in the degree of light in- 
tensity at which ii^y carry on photosynthesis most 
advantageously. Parasitic flagellates are entirely sap- 
rozoic, absorbing dissolved nutrients through the 
body surface. Most free-living colorless flagellates are 
animal-like feeders that take in solid food. 

Reproduction is almost entirely asexual in flagel- 
lates, though some species do show sexual reproduc- 
tion. In tte usual asexual method the body splits 
l engy l Bse down the middle, beginning at the front 
end ftM proceeding toward the rear. Often this oc- 
curs at a definite hour of the day. Some always di- 
.vide while in an encysted state; others reproduce 


within cysts only at certain times. Resistant cysts 
are formed readily if conditions change. Colony for- 
mation is widespread, especially among green forms, 
and in such colonies there may be division of labor 
between ordinary feeding individuals and those that 
can reproduce, and between reproductive cells that 
form male or female sex cells. 

Some of the green (zoochlorellae) and the much 
more common yellow or brown algalike cells (zoo- 
xanthellae) seen in the bodies of a great variety of 
protozoans and metazoans, most of them marine, 
have been shown to be modified flagellates. These 
live imprisoned within the bodies of their hosts and 
escape as free-living forms only at certain times. 
Within the transparent host body they enjoy a place 
in the sun, yet they are well protected and have all 
about them a steady supply of carbon dioxide and 
more especially of other waste products of the host. 
From these they can obtain the nitrogenous com- 
pounds that are at such a premium in the tropical or 
warm waters that are home to most of such flagel- 
lates. The host receives oxygen and probably bene- 
fits from the removal of its wastes. Whether it also 
receives food or uses the pigmented cells as a food 
reserve is not clear in most cases. 

As a group the flagellates lie somewhere between 
the algae and the amebas, overlapping somewhat at 
the edges with both groups. The nature of the over- 
lap makes it quite plausible that the green flagellates 
are the ancestral group from which both plant and 
animal kingdoms have been derived. The ancestral 
group has remained, on the whole, the most primi- 
tive of the five classes of protozoans, but particular 
members are among the most complex protozoans 
that we know about. There are many different orders 
of both plantlike and animal-like flagellates, but 
only some examples can be given, of sjDecies most 
commonly seen or of some interest for the ways in 
which they benefit or annoy man. 

THE PLANTLIKE FLAGELLATES 
(Subclass Phytomastigind) 

THE CHRYSOMONADS 

Typical of the chrysomonads (“golden units") is 
the oval Chromulina, with two large pigment bodies 
in which the golden-brown color masks the green 
chlorophyll. >^en it is abundant enough in fresh 
waters, the water appears brown. Any single indi- 
vidual, however, is less than Mo.ooo of an inch long. 
Its one flagellum whips the water, pulling the body 
along in the fast vibratory g)ide characteristic of 
flagellates; but there are times when it uses pseudo- 
pods to move like an ameba. Dinobryon has two un- 
equal flageUa which protrude from the transparent, 
vase-sha^ cellulose case that encloses the animal. 
It lives either as a solitary individual or as a branch- 



ing attached colony, and if abundant in water reser- 
voirs, imparts a fishy odor to the water, like that of 
cod-liver oil. Also colonial is Synura, with the indi- 
viduals attached at their inner ends and the flagellar 
ends extending out radially in all directions. Synura 
may be very numerous under the ice of ponds in 
winter. When it is the dominant form in a pond, 
the water has an odor like that of ripe cucumbers or 
muskmelon and tastes both bitter and spicy. The 
odors and tastes imparted by flagellates are due to 
aromatic oils stored as food reserves and liberated 
when the animals die. One part of oil from Synura 
can be detected in twenty-five million parts of water, 
so that it may be necessary to filter the water or to 
add to it minute quanti*i:s of copper sulphate which 
inhibits the growth ui the small organisms without 
doing readily detectable harm to man or other ani- 
mals. Marine chrysomonads often are enclosed in 
beautiful latticed cases or have the body surface cov- 
ered or embedded with secreted plates of calcium 
carbonate called coccoliths. These range from flat 
oval disks to plates ornamented with long rodlike 
or trumpetlike extensions. The coccoliths of bottom 
deposits from tropical and subtropical seas were 
well known to biologists long before the living flagel- 
lates that produced the skeletons had ever been seen. 
The disintegrated skeletons continue to be deposited 
at a rate that is estimated for an area in the North 
Atlantic, at a depth of 7200 feet, to be sixty billions 
of shells per square meter (about ten square feet) 
annually. They add their bulk to the more numer- 
ous and more durable shells of ameboid protozoans 
(forams and radiolarians). 

THE CRYPTOMONADS 
Cryptomonas, of fresh water, is a photosynthetic 
cryptomonad with two flagella protruding from a dis- 
tinct opening at the front, and two yellowish or 
brownish green pigment bodies. The very similar but 
colorless and saprozoic Chilomonas is the common- 
est and most familiar cryptomonad of stagnant fresh 
waters. We know a great deal about its remarkable 
nutrition. It can synthesize protoplasm from inor- 
ganic material provided that certain chemicals are 
present. 

THE DINOFLAGELLATES 
The numerous dinoflagellates are distinguished by 
the two flagella seen in all the typical forms. In 
these a long flagellum trails downward with the long 
axis of the body from a hole in a longitudinsd 
groove, and another flagellum undulates in steady 
waves in a groove that encircles the body at right 
angles to the upright axis. They swim in a bouncy 
sort of way, and occuf in incalculable numbers, pro- 
viding the nutritional basis for the surface-floating 
animal populations in all seas and in ponds and 


lakes. Some cause the destructive *ied tides’* re* 
ferred to betow. Most of them are photosynthetic* 
usually have an eyespot, and have gtmt, yellow, or 
brown pigment bodies. The single nucleus is very 
large. Some dinoflagellates live u floating rounded 
forms that look like algae. Many are believed to be 
the yellow alga-like bodies seen inside marine proto- 
zoans, especially in tropical radiolarians. Others are 
external or internal parasites. The colorless forms 
engulf small organisms in ameboid fashion. 


Marine dinoflagellatei, Cerolwm fripoi, with thiee 



gelhim. (EngUnd. D. P. Wilion) 


The typical dinoflagellates, all with two grooves 
and two flagella, may be either armored or unar- 
mored, the latter kind either naked or enclosed in a 
cellulose membrane. Most are marine, but some 
genera are also numerous in fresh waters. Oymnodi- 
nium brevis, a marine species, suddenly **bioomed** 
in 1947 in concentrations higher than five million to 
a quart, causing a **red tide" off the Florida coast. 
The toxin provided by such large numbers of dino- 
flagellates killed coastal marine animals over a wi^ 
area, and littered the beaches for many miles wMi a 
hundred pounds of rotting fish per running foot Off 
the southern and Lower California coast destructive 
red tides are caused in certain summers by the rise 
of Gonyaulax polyhedra, a heavily armored dfaio- 
flagellate whose toxin kflls fishes, shrimps, crabs, 
barnacles, oysters, and dams. Similar dinoflagsllate- 
caused r^ tides also occur off the Atlantic 
%Nun and Portugal, and either red or yellow odes 
cause serious local problems in many other parts of 

[23 




Lumineicent diooflagellate, NocHhtca McintUUnw, is 
noted for tinting the sea surface pink in the daytime, 
lighting it at night. (England. D. F. Wikon) 


the world. On the California coast several epidemics 
of shellfish poisoning in men have been attributed to 
the eating of a common California mussel, Mytilus 
californianus, which may in summer become loaded 
with Gonyaulax catenella, known to produce a very 
toxic substance. 

The most significant of all dinoflagellates are the 
typical genera Peridinium and Ceratium, of both 
fresh and salt water, which have large numbers of 
species and of individuals. Ceratium has three spines 
on its enblosing armor, and these tend to be short and 
thick in cold, highly saline waters and very thin and 
long in warm, less salty waters. The- greater surface 
of the longer, thinner spines retards sinking in the 
less dense low-salinity warmer water, so that it is 
actually easier, in certain oceanographic studies, to 
use the species of Ceratium as a “biological indi- 
cator*' of salinity than it is to make actual measure- 
ments of salt content. ^ 

Nf^iluca is one of the largest, most aberrant, and 
mos^^jikispicuiius of the flagellates. What is usually 
pcmsidered a single species, preferably called Nocti- 
hica scintillans (“ni^t light that scintillates’*), oc- 
. curs off oceanic shores all over the world. The pin- 


head-sized, nearly spherical, and mostly gelatinous 
bodies are colorless, pale pink, or yellowish, and 
when dense can make extensive areas of the sea ap- 
pear, in the daytime, like pale tomato soup. At ni^t 
this protozoan is a major cause of the luminescence 
of seas. As ships plow through the water, disturbing 
billions of Noctiluca, the waves that they set up 
flame in the darkness, and the trailing wake scin- 
tillates with minute flashes. Where NocnVwcfl-laden 
waters are thrown with great force against steep 
rocky shores, the nighttime displays are truly spec- 
tacular, suggesting fireworks set off under water, 
though this bioluminescence, or animal light, gives 
off no measurable heat and dissipates little of the 
animal's energy. In marine waters that enter plumb- 
ing installations, the luminescent effects can be start- 
ling. Inshore winds may compact Noctiluca to a sur- 
face crust on the waters and also bring them ashore, 
where they are seen, on sand beaches, as a red scum 
at high tide mark. A noctiluca was once described 
by T. H. Huxley as looking like a little peach, with a 
waving, flnger-like tentacle as long as the body, 
emerging from the place where the stalk of a peach 
might be. Under the microscope we see that the curl- 
ing tentacle emerges from one end of a pouchlike 
depression. The animal floats mostly with the feed- 
ing pouch down, and the tentacle wafts diatoms and 
dinoflagellates toward the mouth, or even manages 
to cram in the larvae of copepods or other crusta- 
ceans, which distort the enclo;»ing Noctiluca body. 
Digestion goes on in the protoplasmic mass that lies 
at the bottom of the pouch, and that branches and 
rebranches into fine filaments radiating out through 
the thin gelatinous bulk that adds to the buoyancy of 
the animal. Organisms too small to be easily strained 
out of the water by larger animals are thus converted 
into packages of Noctiluca size. These are then avail- 
able to small crustaceans, which form the next links 
in the chains of animals of increasing size that make 
up the network of animal feeders of the seas. 

THE EV GLENOID FLAGELLATES 
Distance lends no enchantment to Euglena in the 
mass, and to many people a green pond scum of this 
flagellate is not pleasing. But close up, under the 
magnifying powers of a microscope, a single eu- 
glena, propelled gracefully across a lighted micro- 
scope field, rich green in color and often beautifully 
sculptured with surface ornamentation, is as lovely a 
sight as any living organism. In the various species of 
Euglena the pellicle may be striated, or ridged with 
rows of spines or knobs, often spirally arranged; and 
it is highly elastic, permitting the wormlike creeping 
“euglenoid" movements named for this common ge- 
nus. In eu^enoids of other genera the pellicle may 
be rigid. At the front end of a spindle-shaped eu- 
glena is a flasklike depression, the gullet, and from 



the narrow neck of the flask there emerges the single 
long flagellum. Into the rounded base of the flask a 
large contractile vacuole discharges its fluid content 
at frequent intervals. No one has ever seen a green 
euglena take particles of food into its gullet, but if 
placed in the dark the animal does lose its green pig- 
ment, chlorophyll, and lives by absorbing nutrient 
material through the surface. Next to the gullet is a 
bright red eyespot, and if a dish of euglenas is placed 
near a window they gather quickly in the lighted side 
of the dish if the light intensity is not too great. They 
are negative, however, to very strong sunlight. 

This special sensitivity to light plays a major role 
in the life of animals that must use the energy of sun- 
light to synthesize the* ‘»iod supply. Euglena gracilis 
is small as euglenoius go, of an inch, and the 
flagellum is shorter than the body. It is one ot the 
most common species, apparently because it can 
adapt to a wider range of acid or alkaline conditions 
than can others. Euglena ruhra contains thousands 
of red granules, which may be concentrated in one 
central area, allowing the green color of the pigment 
bodies to predominate, or which may be distributed 
through the protoplasm, covering the green bodies 
and giving a red color to the animal and to the scum 
it forms on barnyard ponds, especially in very hot 
weather. During sunlight hours a pond may appear 
red, then turn green when the sun goes down. Color- 
less euglenoids live by devouring bacteria, algae, 
diatoms, and the smaller protozoans. Reproduction 
in Euglena is by asexual fission only, with the body 
splitting down the middle and parallel to the long 
axis of the body. Division may occur in the free- 
swimming animal, but the encysted reproductive 
stage is so common that it may be the sole content of 
the green scum covering a pond. If examined under 
a microscope it looks more like an alga. 


THE PHYTOMONADS 
The most plantlike of the flagellates are the phyto- 
monads C'plantlike units”), which resemble algae in 
having, typically, a rounded shape, a rigio cellulose 
wall, and grass-green pigment bodies. Chlamydo- 
monos is common in ponds and ditches and often so 
numerous there as to render the water an almost 
opaque green. Especially abundant in waters con- 
taminated by manure, it probably supplements its 
mostly photosynthetic nutrition with saprophytic 
feeding, absorbing dissolved nutrients throu^ the 
body surface. It is small of 2" inch), ovate, 

has two equal flagella protruding through the cellu- 
lose cell membrane, a red eyespot, and a large cup- 
shaped pigment body. Carteria resembles Chlamy- 
domonas but has four flagella. It is probably a 
species of this genus that lives in the tissues of the 
marine acoel flatworm Convoluta roscoffensis (Plate 



Euglem, tit the mldft of dividing, ihowi a nlit front 
en^ each half with a long flagellum. A nnalllnr flagal- 
latc, Vftranema, it at the right. (Ralph Buehabaum) 


36 ). Haematocoveus looks like a reddish Chlamy^ 
domonas with a loosely fitting outer wall that is at- 
tached to the organism by radiating threads of proto- 
plasm. Its red hematochrome granules may be 10 
numerous as to mask the green, giving a red color to 
standing rain water or to fresh-water ponds in which 
Haematococcus abounds. In the Alps and in the 
American Rockies Haematococcus is well known for 
imparting a reddish or pinkish color to melting snow 
drifts. 

Colonial phytomonads, all fresh-water forms, are 
remarkable for the way in which the various species 
can be arranged in a series showing every stage from 
a simple flat disk of four cells, as in Gaedum, that 
look alike and reproduce in the same way, to coab^ 
jAcx colonies of many thousands of cells, as in Vot- 
vox, where cells differ in appearance and in function 
yet are coordinated into a single behavior u^. 
Though developed to a lesser degree, these are cer- 
tainly the beginnings of the multicellularity and the 
individuality we see in higher plants and animab. 
Voivox is large enough ( Vi» of an inch in diameter) 
to be seen in fresh-water ponds as a sauU green|Wl 
that rolls smoothly throil^ the water. Uiidn||lie mi- 
croscope this rolling motion (vofvere is Cm iofl 
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Colonies of V6lvox» with small daughter colonies 
showing within the parental spheres. (General Bio- 
logical Supply House, Chicago) 

“roll”) comes to be understood as the coordinated 
beating of thousands of flagella protruding outward 
from the surface of a fluid-filled gelatinous ball. Each 
flagellated individual imbedded in the outer layer of 
the jelly ball is something like Chlamydomonas, 
with an oval body, two equal flagella, a large cup- 
shaped pigment body, and a red eyespot. If the fla- 
gella were not in some way coordinated, such a ball 
could get nowhere and would simply tumble this way 
and that. If we watch carefully we see that the same 
end of the sphere is always the one that goes for- 
ward, and careful study has indeed revealed proto- 
plasmic strands that traverse the jelly and connect 
the individual fiagellates with each other. Only par- 
ticular zooids in the rear half of the sphere can divide 
asexually, while still others produce small motile 
sperms or large food-laden eggs. Tumbling about 
within the fluid-filled interior of a Volvox colony arc 
usuidly to be seen small asexually-produced daugh- 
ter colonies, which are released to a life of their own 
when the mother colony breaks down after the spring 
period of rapid asexual multiplication. In sexual re- 
production eggs and sperms are not produced at the 
same time in any one colony, so that whether the 
species has both kinds of sex cells in one colony or 
not, fertilisation occurs only between se^ cells from 
diffmnt colonies. The resulting fertilized eggs de- 
velifu thick, spiny covering, often orange or deep 
ced. xhey lie dormant during the winter months, but 
in the apring the covering bursts, releasing the young 
ookmy« 


THE ANIMAL-LIKE FLAGELLATES 

(Subclass Zoomastigina) 

For admission to the clearly animal-like fiagellates 
(the technical name means “animals with whips'*) a 
species must lack photosynthetic pigment bodies and 
must not be otherwise practically identical with one 
of the green fiagellates. It must never store starch or 
starch-related carbohydrate reserves, and often it 
will have more than the two flagella that are char- 
acteristic of most plantlike fiagellates. In this group 
of flagellate orders are many of the important para- 
sites of man and his domestic animals. 

Most likely to be seen are the free-living Monas 
and Bodo, abundant among decaying vegetation and 
in the infusions examined by students. Extremely 
small, and active in a microscope field, they do not 
make for easy examination and are usually dismissed 
quickly as “common monads.*’ Both have two un- 
equal flagella, but in Bodo the longer one trails be- 
hind and is used for temporary anchoring. Food is 
ingested at a spot near the base of the flagella. Oi- 
komonas, of fresh waters and of soil, is similar but 
has only one flagellum. Also with one flagellum are 
the choanoflagellates (“collar flagellates**), which 
are generally fixed by a stalk, either singly as in 
Monosiga, or by a branching stalk that unites many 
zooids as in Codosiga. There is a large, delicate pro- 
toplasmic collar around the base of the flagellum. 
Food particles attracted by currents set up by the 
flagellum adhere to the outside of the collar and are 
ingested at its base. 

Important from the human point of view are the 
trypanosomes, many of which cause serious or fatal 
disease in man and in his domestic animals. An 
African form of trypanosome disease has been 
known to us at least since the days when the slave 
traders learned not to accept as captives any Negroes 
with swollen neck glands, an important symptom of 
African sleeping sickness. A similar disease in cattle 
is known as nagana. These are not the same as the 
epidemics of virus-caused sleeping sickness that 
strike in the United States during certain summers. 
The African trypanosomes have no doubt been in- 
troduced into the Western Hemisphere many times, 
and only the lack of their insect carrier, the tsetse 
fly, prevents our part of the world from suffering the 
dreadful human and economic losses that so heavily 
afflict Africa. Large parts of Africa have long been 
uninhabitable for men and for any of their domestic 
animals except poultry because of certain trypano- 
somes and the flies that carry them. It has b^n a 
long, seesaw strug^e, with men now gaining control 
after many years of intensive medical and ecological 
work by many investigators. But it remains a stag- 
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gering problem. As recently as 1949 about a fourth 
of Africa was still completely denied to man. 

The African disease in man begins with anemia 
and fever as the flagellates begin to multiply, and 
then manifests itself as swollen lymph glands, ex- 
treme lethargy, and finally coma as they invade the 
lymph glands and then enter the fluids surrounding 
the spinal cord and the brain. After this last stage 
death may ensue. Two closely related forms of the 
human disease are known: one caused by Trypano- 
soma gambiense, and another more acute form of 
the disease caused by Trypanosoma rhodiense. 
Whether these arc really separate species of Trypa- 
nosoma, or whether both arc only variant strains of 
Trypanosoma brucei, ♦ch causes nagana in cattle, 
is nut yet settled. If we examine the blood of a vic- 
tim we see long, slender flagellates propelled about 
among the red corpuscles by a delicate ruffled mem- 
brane along one side of the body. The single long 
flagellum is attached along the outer border ot this 
undulating membrane, and it may extend free like a 
little tail at the front end of the animal, the end that 
goes first as it swims. Many years of patient investi- 
gation have shown that the flagellates in human 
blood are injected into the blood stream with the sa- 
liva from the bite of the tsetse fly (Glossina). The 
same flagellates are also found in the blood of almost 
all the large wild game of Africa. In the wild hosts, 
such as antelopes, however, there are no obvious 
signs of disease. And we can only conclude that an 
amicable relationship has been worked out between 
antelope and flagellate, who were introduced to each 
other a very long time ago. They have had ample 
time to adjust, apparently by a steady elimination of 
the most susceptible hosts and also of those trypano- 
somes that abused their hosts too severely and so 
were killed when their hosts died. Where unbalance 
occurs, such that a parasite kills its host, it is likely 
that host and guest have been very recently intro- 
duced and have not yet worked out the biological 
amenities. 

Trypanosomes probably infested only inverte- 
brates at first, and many still do, but in their long 
history some have come to use their invertebrate 
hosts as a means of gaining entrance to the bodies of 
vertebrates. In the Western Hemisphere, where there 
are no tsetse flies. Trypanosoma cruzi, of South 
America, can be transmitted to man from its natural 
hosts (armadillos, opossums, rodents) and also from 
cats, dogs, monkeys, and other mammals, by the 
bite of triatomid bugs that regularly live in houses, 
like bedbugs, and suck blood from the human inhab- 
itants. Having gained entrance to human tissues, 
Trypanosoma cruzi causes the anemia and the nerv- 
ous symptoms of Chafas’s disease in scattered areas 
from northern Argentina jp Mexico. In some parts 
of Brazil, Bolivia, Chile, and Argentina, 10 to 20 


per cent of the population is infected. The same 
flagellate is found in many species of triatomid bugs 
in the scrub woods and farms of Texas and in the 
deserts and canyons of Arizona and California; but 
natural infections, if they occur, must be rare. Some 
trypanosomes have dispensed with the invertebrate 
host altogether and can be transmitted directly; for 
example. Trypanosoma eqmprrdum, which is passed 
from horse to horse in coitus, and causes dourine 
disease. It is found in all regions except Australasia. 

The family Trypanosomidae also includes such 
forms as Herpetomonax, parasitic in the intestine of 
invertebrates, and Leishmania, which causes kala 
azar and Oriental sore in people living in warm parts 
of the world. Phytomonas, from the milky latex of 
many plants, can be found abundantly in our com- 
mon milkweeds, and infection is carried from one 
plant to another by sucking bugs that visit the plants. 
For the amateur wishing to see trypanosomes, an 
easily obtained form is in the blood of frogs and of 
crimson-spotted newts. The transmitting agent for 
flagellates that live in such aquatic hosts is often a 
pond leech. Fortunately, flagellates parasitic in the 
lower vertebrates du not infect man. Details about 
such disease-causing protozoans are best sought in 
the specialized books on human parasitology or on 
the parasitology of domestic animals, as listed in the 
bibliography Information on the protozoan parasites 
of animals other than man o** his pets and flocks will 
be found in books on protozcology. 

The most highly organized of the flagellates are 
the polymastiginads, which usually have more than 
three flagella, often many. The trichomonads are 
common in the digestive tracts of vertebrates, and 
also in the urinogenital passages. They are pear- 


Trypanofomci amoDg nd Mood eafls in a lUlnid 
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shaped, and have at the front end seveial flagella, 
one of which extends backward along the edge of an 
undulating membrane. The body is supported by an 
internal stiff rod, projecting at the rear, which also 
anchors the animal in feeding. Trichomonas vaginalis 
is found in the vagina of from 20 to 40 per cent of all 
women examined and in 50 to 70 per cent of those 
who complain of leucorrhea. It sometimes causes ir- 
ritation and discomfort, but whether it does more 
serious harm we do not definitely know. Since the 
flagellate does not thrive in the acid condition of the 
normal vagina, weak acetic acid is the usual treat- 
ment; but it does not always help, and then various 
drugs or antibiotics are tried. This flagellate also oc- 
curs in the male urinary tract, in the urethra and in 
the prostate. Trichomonas tenax lives in the mouth 
of man and may be involved in some way in pyor- 
rheal conditions. Trichomonas hominis is present 
suspiciously often in cases of human diarrhea. 

The diplomonads, which have paired sets of or- 
ganelles and look as if two simpler flagellates were 
joined together in the middle, include Giardia intes- 
tinalis and other species of Giardia that live in all 
kinds of vertebrates. They inhabit the upper part of 
the small intestine instead of the large intestine, 
which attracts the other intestinal protozoans. Seen 
from the side, Giardia looks like a half-pear with the 
broad end directed forward and the flat side indented 
by a concavity, which helps the animal to adhere 
tightly to the intestinal lining. The eight flagella, at- 
tached at the middle and at the hind end, are in ac- 
tive use when the animal is seen in the liquid feces 
that attend the diarrhea it apparently causes. The 
lashing of these flagella was vividly described by the 
indefatigably curious Leeuwenhoek. Ill with mild 
diarrhea, he was not content merely to complain, 
like the rest of us. Instead he set about to examine 
his watery feces and in them saw Giardia. In the ab- 
sence of diarrhea, only the cysts of Giardia are found 

An ameba is never the same from moment to moment as it 
moves ^|ong by protoplasmic flow. (Ralph Buchsbaum) 


in the feces. In one case a single stool was estimated 
to contain 14 billion cysts, but in a moderate infec- 
tion the number would be closer to 300,000,000. 
An effective cure for Giardia-caustd diarrhea is 
atebrin or other drugs used also for malaria. A group 
of related flagellates, the hypermastiginads, which 
live in the gut of termites, cockroaches, and wood- 
roaches, are certainly among the most remarkable of 
protozoans both in the complexity of their structure 
and in their habits. Trichonympha campanula, from 
the gut of termites, is pear-shaped, with the fore end 
narrower than the rear, and is covered with hundreds 
of long flagella. The front end of the body is very 
complex and composed of structurally specialized 
layers. The large, rounded rear end has thin proto- 
plasm and engulfs the minute wood particles that 
surround the animal in the termite gut. The flagellate 
has enzymes that digest the cellulose in wood to 
soluble carbohydrates. These are then shared with 
the termite host, which eats wood but cannot digest 
its chief constituent, cellulose, without the interven- 
tion of its protozoan guests. Such mutualistic rela- 
tionships, in which two organisms are so closely asso- 
ciated tor mutual benefit, are fairly unusual in the 
animal kingdom, but they are common in this group 
of flagellates that inhabit wood-eating insects. 

The Ameboid Protozoans 

{Class Sarcodina or Rhizopoda) 

The word “ameba” is derived from u Greek word 
meaning “change,” and the ameboid protozoans are 
those that move about and capture their food by 
means of “false feet” or pseudopods, temporary ex- 
tensions of the body, that may never appear the 
same from moment to moment, or may appear stiff 
and fixed yet show a constant streaming of the proto- 
plasm. Members of this group never move by 
in the principal phase of the life cyde, Ihot^ 
may have flagellated stages or sex fidb, Mm^re 
free-living in fresh and salt waters and in ||tlrSome 
are parasitic or live as supposecBy hannles|P^men- 
sals, mostly in the digestive tracts qf larger animals. 
A few very small amebas live as parasites within the 
bodies of other protozoans. 

THE LOBOSB AHiiBAS 
The lobose amebas haveiMflltad shape and move 
along by extending lobose oa4h^r-like pseudopods, 
now at one point, now As new pseudo- 

pods form, the old ones |M^ack into the general 
mass of protoplasm, andp^hnimal appears to flow 
about in irregular ^flshid^MRh no permanent front 
or rear. Lobose amebanray at times have long, 
pointed pseudopods, esf^ially when they are float- 
ing in water. But typic^y they are bottom-dwellers 



that glide over the substrate or on vegetation or de- 
caying organic debris in fresh and salt waters. Most 
of the soil amebas are members of this group. 
Amoeba proteus is one of the largest ( ^ .-,o of an inch ) 
of the common pond amebas. It has a disk-shaped 
nucleus, longitudinally ridged pseudopods, and the 
habit of advancing through a flow of all the proto- 
plasm into the leading pseudopod. Pseudopods are 
used not only in moving about but also in engulflng 
food and in taking it into the body, surrounded by a 
minute quantity of water that then forms the food 
vacuole we see within the protoplasm. Anyone 
tempted to speak of ''the simple ameba" should 
watch one moving about and capturing prey. If the 
food is a motionless ,al cell, the ameba's body 
flows closely about me alga as a flowing drop of oil 
might surround a glass bead. But if the food is a 
rapidly swimming protozoan, something quite dif- 
ferent occurs. The ameba sends out long pseudopods, 
in a wide embrace, but at no point in contact with 
the prey until it has been completely surrounded on 
the sides and over the top so that it is trapped against 
the substratum. Only then is it closely enveloped and 
finally incorporated into the body. Amebas can also 
tell food particles from nonnutritive ones and show 
a preference for one species of prey over another. 
The giant ameba, Pelomyxa carolinensis, has several 
hundred small nuclei and may be up to ^ •, of an inch 
long when moving actively. Though rarely found in 
nature, it is readily obtainable from biological sup- 
ply houses and is very convenient to watch because 
of its large size. It ingests paramecia, one after an- 
other, as many as twenty in one food vacuole. (The 
naming of the fresh-water amebas is still being de- 
bated, quite unknown to the amebas themselves, so 
that you may And them called by different names in 
different books. ) 

About half a dozen species of naked amebas live in 
man; but only one, the dysentery ameba. Entamoeba 
histolytica, is unquestionably harmful. Small and 
very active, it is able to dissolve the intestinal lining 
and to enter the connective tissue and mu^le layers 
of the large intestine; and when present in numbers 
it causes abscesses, diarrhea (liquid feces) and dys- 
entery (bloody feces). Human amebiasis is a world- 
wide disease — ^not confined to the tropics as many 
people believe — and it is spread by the contamina- 
tion of food or of drinking water with the resistant 
cysts of an ameba that is itself too delicate to be 
passed around. We do not have immunizing tech- 
niques for amebiasis, as we do for typhoid, and when 
traveling in countries where soil is likely to be ferti- 
lized with human manure, or water contaminated 
with human sewage, or foc^ handled by people with 
unsanitary habits, it if best to avoid fo^s that can- 
not be peeled or cooked. Ordinary chlorination of 
drinking water will not always kill the cysts. Ame- 


biasis is better avoided than cured, but we do have 
several drugs that are effective in most cases. Enta- 
moeba cob is a harmless commensal that lives in the 
human colon, feeding mostly on bacteria but occa* 
sionally on intestinal protozoans that come its way. 
The mouth ameba, Entanu^eba gingivalis, does not 
form resistant cysts so can only be spread directly 
from mouth to mouth in eating or in kissing. Fven 
so. by the time they are forty years old about 75 per 
cent or more of the human population have managed 
to obtain some of them. These amebas feed on bac- 
teria and loose cells, and when pyorrhea is present 
they cluster about the bases of the teeth, probably 
aggravating the, condition. 

Closely allied to the naked amebas of fresh wa- 
tecs arc the shelled amebas which have single-cham- 
bered coverings. The covering may be vase-shaped 
or bowl-shaped, and has an opening at the bottom 
through which the lobose, in some cases filosc ( long 
and thin), pseudopods are protruded. Some cover- 
ings are soft and gelatinous; others harden after they 
are secreted. They may consist entirely of secreted 
silicious plates or prisms, or they may be constructed 
of foreign particles, such as sand grains or diatom 
shells cemented together by a secretion. These 
shelled amebas live mostly in somewhat foul fresh- 
water ponds, in sphagnum bogs or peaty soil, and in 
animal feces. Most often seen is Arcella vulftaris, 
which lives in the ooze and vegetation of stagnant 
water and also in damp soil It secretes about itself a 
hard, bowl-shaped, yellow or brown transparent cov- 
ering. Viewed from above, the covering appears 
circular, and the animal is seen not to fill the interior 
completely but to be attached to the walls by thin 
protoplasmic strands. Two nuclei, several contractile 
vacuoles, and numerous food vacuoles are visible in 
the protoplasm. Viewed from the side, the hemi- 
spherical covering is seen to have a concave funnel- 
shaped opening at the bottom, through which pseudo- 
pods extend. When an Arcella divides, one daughter 
inherits the cover; the other has to secrete a new one. 
Also likely to turn up in organic ooze in fresh water 
is Difflugia, which at first glance may be mistaken 
for a little mass of sand grains. This ameba gathers 
sand grains and cements them about itself into a 
pear-shaped (in some species vase-shaped) oover- 
ing into which It can withdraw completely whenever 
necessary. 

THE FORAMS 

The **pofe-bearers*’ or foraminiferans (called 
^Torams’' for short) are amebas with shells that typi- 
cally are many-chambered and perforated all over 
with small pores through which extend long and fine 
branching pseudopods. These fuse and fork over|AKl« 
over again, forming a Spreading network of IMof, 
sticky threads that entan^ and digest small orgaiH 
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When enlarged under the microscoM and viewed by 
transmitted light, foraminiferan shmls of certain spe- 
cies look like snail shells. (West Germany. Kurt 
Herschel) 

isms. The protoplasm extends not only through the 
pores but out of the mouth of the shell as well, pour- 
ing out in all directions and flowing over the surface 
of the shell. In the pseudopods, granules can be seen 
streaming constantly toward the tips and then return- 
ing along their outer edges. 

In contrast to the predominantly fresh-water ame- 
boid protozoans just discussed, forams are almost ex- 
clusively marine. Most of the species move about on 
the ooze of the muddy bottom or attach themselves 
loosely to debris on the ocean floor, usually in shal- 
low waters but sometimes at depths of even 18,000 
feet. Of more than twelve hundred living species, 
only about twenty-six are pelagic and float in the 
surface waters of the seas, mostly in the warmer 
parts of the world, where the high alkalinity of the 
water facilitates the extraction of calcium carbonate 
from the sea. But these are the most prolific of the 
forams, and when they die their innumerable shells 
fall in a steady rain to the ocean floor, contributing 
about 65 per cent by wei^t to the gray mud known 
as “Globigerina ooze,” from the genus of forams 
that predominates in its formation. The most com- 
mon fonhm species in the ooze is Giobigerina bul- 
hides, but shells of other species of Ghj/iigerina are 
well representetl, as are o^er foram genera, other 
shelled ameboid protozoans, and especially the skele- 
tal parts, called coccoliths (p. 23), which make up 
nearly 30 per cent by weight of the ooze. Giobigerina 
ooze occupieB nearly fifty million square miles of the 
den^a bottom. Below fifteen thousand feet, how- 
evi^we lime content of the ooze begins to thin out 
because the calcite shells of the common foram spe- 
cies become dissolved, and below eighteen thousand 
{pet oalcaieous shells are rare. ^ 


The presence of Giobigerina in fossil beds has 
been used as an indication that the beds were de- 
posited originally at a depth of between about three 
thousand and twelve thousand feet. Operculina shells 
indicate a depth of less than 180 feet. The rate of 
deposition of Giobigerina ooze has been calculated, 
for some areas, to be about four-tenths of an inch in 
a thousand years. Though this is a rate in modern 
times, it gives those who can comprehend such stu- 
pendous figures some idea of the time it must have 
taken to deposit the marine beds that, when uplifted, 
form such great chalk formations (as much as 90 
per cent calcium carbonate) as the white cliffs of 
Dover in England, the chalk beds of Europe, and 
the thousand-foot-deep chalk beds of Mississippi and 
Georgia in the United States. Modern species of 
forams are for the most part just visible to the naked 
eye (Hn of an inch), but many are of the size of a 
pinhead and the largest one has a long, slender, tube- 
like shell that may be 2 inches long. In geological 
times past, when forams were more abundant than 
at present, some members of the genus Nummulite^ 
had shells several inches across. Many large forms 
flourished on the sea bottom in Tertiary times, and 
their fossil shells, mostly about as big and fiat as ^ 
United States quarter-dollar, can be seen in lime- 
stone now exposed in Asia, in the Alps, and also in 
northern Africa, where such limestone was used to 
build the pyramids of Gizeh, near Cairo. 

Limestones are produced instead of chalk when 
foraminiferan ooze is deposited in waters close 
enough to shores to become admixed with deposits 
washed in from the land. The gradual change in 
foram species from Tertiary times to the present 
makes their shells very valuable as index fossils for 
paleontologists trying to determine the age of various 
sedimentary rocks. And because of their minute size 
foram shells can be recovered undamaged, from 
rocks far below the surface, in the borings made by 
oil-well drills. By comparing the species of shells 
brought up from different levels with species from 
layers known to be oil-bearing, paleontologists are 
able to direct oil-well drilling operations. 

A detection scheme on a much grander scale is 
now unfolding in many laboratories around the 
world, where foram shells are being used in studies 
of world-wide glaciation, for piecing together the jig- 
saw puzzle of the evolution and distribution of ani- 
mals, and for understanding long-term climatic 
trends. 

Giobigerina bulloides has a shell (about of an 
indjk) of spherical chambers spirally arranged and 
peifdrated by many pores. When the foram is alive 
and near the surface the shell is covered with long, 
nmle-like spines; these dissolve away when it later 
falls to the bottom and is found in the ooze. The 
protoplasm is said to be a rosy pink color when seen 


m 


through the shell of an animal that has withdrawn on 
being lifted out of the sea in a tow net. When un- 
disturbed it spreads its pseudopodial network in sur- 
face waters and feeds on diatoms and algae, other 
protozoans, and occasionally even larger animals. 
Elphidium crispa is another pelagic form, and is a 
giant among modem species. Its flattened, spiral, 
sculptured, many-chambered shell reaches a diam- 
eter of of an inch and superficially resembles a 
small snail shell, so that originally it was classed as a 
mollusk. Leeuwenhoek first found this genus in the 
stomach of a shrimp, but Elphidium can ingest, along 
with its unicellular plant diet, the small copepods 
that are relatives to the shrimp. 

Many forams harbor i een or yellow bodies be- 
lieved to be modiiieu dagellates. Reproduction in 
forams takes place by multiple division and involves 
an alternation of asexual and sexual forms. In the 
typical many-chambered species the forms that re- 
produce usexually have shells of small size, those that 
reproduce sexually have larger shells. The sex cells 
are usually flagellated but sometimes are ameboid. 
The life cycles of forams are marvelously complex, 
but details must be sought in advanced treatises. 

THE HELIOZOANS 

The “sun animalcules*' or heliozoans, found mostly 
in fresh waters, are spherical ameboid protozoans 
with stiff radiating pseudopods that serve only for 
feeding, not for moving about. The pseudopods are 
supported by stiff internal protoplasmic rods and 
covered with thin, clear, streaming surface proto- 
plasm. In many species the body has a gelatinous 
covering in which foreign particles or secreted plates 
or needles of silica are imbedded. Or it may be en- 
closed, as in the common but lovely Clathrulina, in 
a spherical latticed cage. Clathrulina is fastened by a 
stalk to the substrate, and the pseudopods protrude 
through the lattice openings. The more typical free- 
floating forms are motionless or move only very 
slowly. Passing organisms that happen to touch the 
outstretched stiff pseudopods adhere to them^and are 
quickly paralyzed, as if by a toxin. The pseudopods 
may shorten and carry the prey to the main body 
mass, or several may surround the victim first and 
then slowly withdraw into the main body. The two 

S familiar heliozoans of pond water are both 
floating. The small Actinophrys sol has one nu- 
; and a body that is not clearly divided into two 
regions. The much larger Actinosphaerium eich~ 
horni, visible to the naked eye, has a distinct outer 
layer surrounding a granular interior in which one 
can usually see recently eaten diatoms or other algae, 
and small protozoans or crustaceans. A number of 
small heliozoans may iMUte temporarily when they 
capture and ingest large prey. Asexual reproduction 
is by fission or budding. 


THE RADIOLARIANS 
The radiolarians are all marine and pelagic amo- 
boid protozoans, abundant especially in warm seas. 
They nearly always have siliceous skeletons, many 
of these so exquisitely shaped that Haeckel, the great 
German biologist and student of the radiolarians, 
once called them the miniature jewelry of the abyss. 
Mostly spherical, they extend long, fine, usually 
stiff raylike pseudopods from which they take their 
name. The pseudopods are sticky and capture dia- 
toms, protozoans, and copepods that adhere to them. 
Radiolarians are of large size as protozoans go. The 
giant Thalassicola nucleata is about * ^ of an inch in 
diameter, and its closely related colonial relatives 
reach 1 inch or more in length. Thalassicola has no 
skeleton, but in most radiolarians siliceous needles 
are fused into u beautifully symmetrical latticework. 
The lattice is most often spherical, and in some spe- 
cies there are a number of concentric latticed spheres, 
one within the other, like the balls made to show off 
the skills of Chinese ivory carvers. There is also a 
bewildering variety of helmet-shaped, disk-shaped, 
and bell-shaped lattices — all combined in every pos- 
sible way with beautiful and bizarre ornamentations 
of spines, hooks, branching thorns, and long, grace- 
fully curved extensions. The almost endless differ- 
ences in radiolarian skeletons, each produced in a 
consistent inherited pattern by what appears to be a 
relatively formless blob of protoplasm, makes one 
wonder if this protoplasm is as unorganized and as 
similar in the various species as its appearance in the 
naked amebas might lead us to believe. 

A great variety of shell ihapei can be seen in many 

samples of foraminiferan material. (Otto Croy) 



Radiolarians can be distinguished from their fresh- 
water counterparts, the heliozoans, by the definite 
membrane that separates the outer highly vacuo- 
lated protoplasm from the inner more granular pro- 
toplasm — ^though these are continuous with each 
other through pores in the membrane. The outer 
layer is gelatinous, with large fiuid-filled vacuoles 
(none of them contractile) that give it a frothy ap- 
pearance; and it usually contains yellow bodies, 
which are thought to be fiagellates that exchange 
favors with their hosts. 

When the weather grows rough or the temperature 
rises too high, the buoyancy of radiolarians is said 
to be reduced by a withdrawal of the pseudopods and 
a bursting of some of the fiuid-filled vacuoles in the 
frothy layer. Surface-living animals can thus descend 
into deeper water, restoring their vacuoles later. 



Radiolarian sheUi are exquisite lattices of silica. In 
life, the protozoans that secrete the shells extend stiff 
sseudopMS from many openings. (Otto Cray) 


dome species regularly float at great depths (six- 
teen thousand feet or diree miles). In the deeper 
parts of the ocean, where the calcareous shells of 
foraminiferans soon dissolve, the bottom ooze may 
contain siliceous skeletons only: radiolarian lattices, 
tfoge* spicules, and diatom cases. When the radio- 
Umn content reaches at least 20 per cent, bottom 
deposits are called ‘'radiolarian ooze.” In the Pacific 
and Indian oceans such ooze covers almost three mil- 
lion square miles of ocean bottom. Upon being up- 


lifted, radiolarian beds become sedimentary rock 
layers on land, and the small but well-preserved ra- 
diolarian skeletons, like those of the foraminiferans, 
serve as convenient index fossils for dating rock lay- 
ers and for guiding oil-well digging operations. Ra- 
diolarian deposits occur as siliceous inclusions in 
other rocks, forming flint or chert. And radiolarian 
skeletons contribute to the abrasiveness of the ‘Trip- 
oli stone” used in metal-polishing powders. 


The Spore-Formers 

(Class Sporozoa) 

The sporozoans include some of man's worst ene- 
mies, the spore-forming parasitic protozoans that 
cause malaria, various cattle fevers, coccidiosis in 
chickens, diseases of halibut, salmon, and other 
fishes, epidemic death in cultivated honeybees and 
silkworms. Yet one hesitates to hold a grudge against 
a whole class of animals that is itself so impartial 
as to parasitize every major group in the animal 
kingdom, not excepting other protozoans. Each spe- 
cies of parasite is more or less limited to a specific 
host or to a few closely related hosts, and the para- 
site lives within or between the host cells, absorbing 
food through its body wall. Feeding in this way, 
sporozoans can take only dissolved food, sometimes 
that digested by the host but more often the dissolved 
protoplasm or body and tissue fluids of the host it- 
self. An animal that lives protected from the external 
environment and surrounded on all sides by mate- 
rials for abundant feasting has little or no need to 
move about, and the adult or main feeding stage of 
sporozoans has no external organs of locomotion. 
Besides this negative criterion, which is used to sep- 
arate them from other protozoans, all sporozoans 
share the habit of producing very large numbers of 
spores as transfer stages to new hosts, and this has 
suggested the name of the group. The yoipg transfer 
stage produced by sporulation is usually^.enclosed in 
a resistant wall, but in the blood-inhaf>iting species, 
like the malarial parasite, the spores are naked and 
they are never exposed to the rigors of the external 
world, being transferred from one final host to an- 
other by a blood-sucking intermediate host. The life 
cycles of sporozoans can be extraordinarily complex, 
involving both asexual and sexual processes, each of 
these with one or more cycles of multiple fission. 
The nucleus splits repeatedly by rapidly ensuing di- 
visions, and each new nucleus becomes surrounded 
by a tiny share of the protoplasm, so that when the 
cell finally breaks up there are as many offspring 
as there were nuclei. The simultaneous hatching of 
billions of slender parasites in each such cycle is 

[continued on page 49] 
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what ruptures so many red blood cells all at one time 
and produces the periodic chills and fever of malaria. 
A loss of locomotor organs, and the development of 
complex life cycles with incredible numbers of off- 
spring, are common to the parasitic way of life. So 
that sweeping all the odds and ends of protozoan 
parasitism into one big hodgepodge and calling it the 
Sporozoa does tidy up the rest of the protozoan clas- 
sification, but it creates a group with members that 
really have very little in common and that do not 
represent a single branch of protozoan evolution. 
The several subclasses of Sporozoa include many 
important parasitic groups such as the myxosporid- 
ians of fish disease, the microsporidians that kill 
honeybees and silkworms and other higher inverte- 
brates, and the haplosporidians that parasitize many 
groups from ro* fers to fish Even the sarcosporidians, 
which invade the muscle tissues of lizards, birds, and 
also mammals, especially sheep, used to be placed 
here Now they are usually classed as fungi. Only 
one of the subclasses, the Telosporidia, seems to be a 
natural grouping of related orders, and as these 
include many animals of importance to man they 
will be briefly considered. 

THE GREGAR1NES 

The gregarines are mostly wormlike piotozoans 
that infest the digestive tracts and body cavities of 
many invertebrates, but not of vertebrates The 
young form usually lives within a host cell, but as it 
feeds and matures it protrudes from the cell, re- 
maining attached only by the front end or leaving 
altogether and moving about in the intestinal cavity 
or one of the body spaces. Gregarines can be found 
by teasing out on a microscope slide, and then dilut- 
ing with water, the content or the lining of the in- 
testine of a cricket or a grasshopper. It is likely one 
will see the wormlike feeding stage gliding slowly 
by means that are not evident, perhaps by slow 
and inconspicuous muscular contractions. In this 
group of gregarines the body is divided by a parti- 
tion into a small front segment by which it can attach 
to the host tissue, and a larger hind s^ment which 
contains the nucleus. One may also see two individ- 
uals attached end to end, the “gregarious” habit for 
which the group is named. It is an indication that 
sexual reproduction will ensue, with the front indi- 
vidual as the female, the one at the rear as the male. 

THE COCCIDIANS 

The coccidians excite little notice as human para- 
sites, though species of the genus Isospora are com- 
moner in human feces than one would suspect from 
the few cases of diarrhea actually reported. The bad 
reputation of the group rests mostly on the damage 
inflicted by Isospora, and more especially by the 
genus EimerHi, on domestic animals. C^diosis 


takes a heavy toll of chicken flocks and other pool* 
try; and rabbits and cattle may also be seriously af- 
fected, the latter having bloody feces, becombig ema- 
ciated, and often dying. Practically any (arm animal 
may suffer from coccidian attacks, and so may dogs, 
cats, and even canaries. In addition to these verte- 
brate hosts, coccidians live in annelids, molloi^, and 
arthropods. The feeding stage usuaify resides within 
the lining cells of the intestine or of the organs that 
connect with it. often the liver. The virulence of 
many coccidial diseases is due to the tremendous 
numbers of parasites that result from the multiple 
fissions 



CftBBrina ii • pwuitic iporoiOMi Ulwly to be found 
in the inteitine of ■ grufboppw, ctIm or ooeb- 
roach. Pain of oella often lenuun together, each one 
lubdivided into a email portion and a Imger. In mat- 
ing, the front individual wfll be the female, the iwur 
one the male. (General Biologieal Amply House, 
Chicago) 


THE HEMOSPORIDIANS 
The hemosporidians live within the blood corpus- 
cles or other cells of the blood systam of veria- 
brates, and all of them require a Hood-sucking intof- 
mediate host during part of their very complex life 
^de. In human malaria, as everyone knows, the 
intermediate host is a mosquito of certatAqmcies of 
the genus AnopbeUs. For lack of this bK of kaowl- 
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Three of these oval red blood cells contain a common 

I, here made 

by use of a dye. The parasite is trans- 


sporozoan 
more visif 


parasit 

ferred from one bird host to another by a blood-suck- 
ing fly, in whose body the parasite goes through a 
sexual part of its life hbflory. (General Biobgical Sup- 
ply House, Chicago.) 


edge* which was not finally established until 1898, 
the course of human culture was long deeply influ- 
enced by the sporozoan that we now call Plasmo- 
dium, No human tyrants, nor all the wars in human 
history, have taken the toll of misery and death ex- 
acted by the malarial parasite in those warm or tem- 
perate parts of the world where anopheline mosqui- 
toes are infected with Plasmodium, Malaria was well 
known to the Greeks twenty-five hundred years ago, 


but perhaps it was introduced, after they had already 
achieved their fine civilization, by soldiers returning 
from military triumphs or by slaves brought in to do 
their menial work. Whether malaria came to the New 
World with the Spaniards or was already here when 
they came, it was one of the major hazards, less men- 
tioned but probably more important than either hun- 
ger or Indian attacks. Malaria may have been the 
disease that in 1607 killed half the settlers at James- 
town, and malaria epidemics are recorded for Mas- 
sachusetts as early as 1647. It was one of the chief 
burdens of the pioneers who moved westward into 
the Mississippi Valley, and as late as the 1930's was 
still widespread in the southern part of that valley. 
If the history of man had not in the past been written 
to so great an extent by militarily and politically 
minded writers, it might tell a very different sort of 
story. The southern part of the United States has lost 
much of its strength to a disease that annually, until 
World War 11, debilitated at least a million Ameri- 
cans and killed several thousand. During the war, 
when quinine ran out among the men at Bataan, 85 
per cent of every regiment developed acute malaria. 
And in the South Pacific campaign there were five 
times as many casualties from malaria as from com- 
bat. Up to the end of the war there were in all the 
world some 350,000,000 cases of malaria annually, 
of which about 3,500,000 resulted in death each 
year. 

Since that time a dramatic change has come. New 
therapeutic drugs, spraying of houses with DDT, bet- 
ter control of mosquito breeding places, and better 
organized health care have wiped out malaria in the 
United States and brought it completely under con- 
trol in parts of Europe, especially Italy, where it was 
so long a heavy drain on the life of the people A vast 
improvement has been made in a great many parts of 
Africa and of Asia. But to assume that man has 
necessarily consigned malaria to his unhappy past is 
naive. Our control of malaria depends upon the 
proper functioning of a complex civilization that can 
break down as others have in the past, while the 
biological potential of mosquitoes and sporozoans is 
built firmly into the species. Long before there were 
men about, hemosporidians were living in lizards, 
birds, bats, small rodents, monkeys, apes, and others. 
Much of what we know about human malaria was 
first learned from studies in birds, whose malaria is 
transmitted by mosquitoes of the common genus 
Culex and certain related genera. There are four 
species of Plasmodium that cause malaria in man. 
P, ovale is rare but found in many separated parts 
of the world. P, vivax, P, malariae, and P, falciparum 
are common and widespread, and each causes a 
distinctive set of cyclic symptoms corresponding to 
forty-eight-hour, seventy-two-hour, and forty-tour 
cycles of development respectively. 
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The Ciliates (Class Ciliata) 

The ciliates are mostly free-swimming forms that 
row themselves about by the beating of many cilia, 
so named for their resemblance to eyelashes. Abun- 
dant in all fresh and marine waters, ciliates flourish 
best where there is much decaying organic material, 
for most of them are bacteria feeders. Any water 
dipped up from the weed-grown edge of a stagnant 
pond, especially if it contains organic debris or frag- 
ments of vegetation, will on microscopic examina- 
tion reveal a miniature community in which ciliates 
play many of the leading roles. Of all the protozoans 
they will be the most conspicuous, move the most 
rapidly (almost one-tenth of an inch per second, in 
some of the fastr>t species), and occupy the greatest 
variety of nicnes. They may be difficult to appraise 
at a glance, for they cross the field at all angles in a 
fust, powerful glide that cun usually be slowed only 
by using anesthetics or such a barrier as cotton fibers. 

The familiar Paramecium is often best seen when 
anchored to a bit of debris and quietly feeding on 
bacteria. This slipper-shaped animal has a conspicu- 
ous groove at one side of the body, and this is lined 
with cilia whose beating wafts bacteria and minute 
particles of organic material through the mouth open- 
ing into a funnel-shaped gullet. There special tracts 
of cilia compact the bacteria into a food ball, which 
is passed on, surrounded by a minute droplet of wa- 
ter, as a food vacuole. Successive vacuoles are 
launched into the fluid interior protoplasm and circu- 
late in a regular path. One experimenter kept ck>5e 
watch on some individuals of Tetrahymena, a small 
relative of Paramecium, and estimated that each 
food ball was an accumulation of about a thousand 
bacteria and that a vacuole was sent out on its course 
once every six minutes. The spent vacuoles were 
eliminated some four hours later. A really large cil- 
iate, Stentor, when placed in a rich suspension of 
euglenas, was observed to down these flagellated 
organisms at the remarkable rate of about a hundred 
per minute. 

But not all ciliates feed by ciliary currents. Some 
are predatory, actively seeking out their prey and 
attacking it with a ferocity that matches anything 
seen in higher animals. Didinium feeds mostly on 
paramecia, devouring them whole, as many as eight 
in one day. It has no difficulty in opening its mouth 
wide enough to swallow any individual not too much 
larger than itself, but if greatly outclassed in size the 
didinium may have to struggle longer, and the vic- 
timized paramecium continues to swim about ac- 
tively with the attacker grimly hanging on. In 
clearer waters, where Oxygen content is high, bacteria 
feeders are few and carnivorous ciliates attack small 
herbivorous ciliates that feed on green or blue-green 


algae or on diatoms. Such carnivores may in turn be 
fed on by larger ciliated carnivores, and when the 
carnage is all over, fragments of dead |dant and ani* 
mal tissue will be cleaned up by scavenging dliaies. 
In this highly competitive microworid others have 
turned to exploiting both the external surfaces and 
internal cavities of invertebrates and venebrates, 
Ciliates may thcm.s€lves harbor smaller parasites or 
commensals, or they may live in a mutually bcneftclal 
relationship with alga-like flagellates that carry on 
photosynthesis within the ciliate bcxly. 

The Arm .shape of most ciliates is maintained by a 
stiff but flexible outer covering, the pellicle, and by 
the outer clear gelatinous layer of protoplasm that 
lies beneath the pellicle. Within the firm outer layer 
is a more fluid, granular protoplasm in which the nu- 
cleus flouts, the food vacuoles circulate, and the con- 
tractile vacuoles work away at pumping out the 
excess water that accumulates more especially in the 
particle feeders. The cilia protrude through holes in 
the pellicle, which is handsomely marked with longi- 
tudinal or diagonal lines of ciliary attachment. At 
their bases, in the outer protoplasm, the cilia connect 
with the flbrils of the neuromotor system that coordi- 
nates ciliary movements. Much of the time the cilia 
beat so fast that all we can sec is a flickering at the 
edge of the Nidy. They move like the flexible arms 
of a swimmer doing the crawl, reaching forward in 
the relaxed part of the stroke and then striking back- 
ward through the water in a forceful sweep— not 
straight backward, but obliquely so that the animal 
rotates and describes a spiral path as it continues on 
a straight course. Aside from the cUiation of the 
body, which serves both locomotion and feeding, 
most members of this class share a unique nuclear 
situation that distinguishes them from other proto- 
zoans. The functions of the nucleus arc divkM be- 
tween two separate bodies: a large nucleus con- 
cerned with the chemical processes of feeding and 
growth, and a small nucleus concerned wMi repro- 
duction. 

Asexual reproduction occurst as in other groups, 
by a division of the protoplasm and each of the two 
nuclei between two daughter cells. But sexual repro- 
duction usually takes place by a special kind of con- 
jugation. The individuals become sticky and pair off, 
each couple adhering together by apposing their 
mouths and forming a protopbtmlc brfdie. This 
lasts for several hours, during which the itScM un- 
dergo complex changes and a portion of each small 
nucleus migrates to the opposite member of the un- 
km. Thus the essential pait of sexual repeoduetkm 
is accomplished — the recombining of heiedilaiy ma- 
teriab so as m produce offspring with new hersdtary 
possibilities. In Pantmecium, atere it has been most 
studied, the two conjuganu do not appear m our eym 
to be visibly diffiereotiated. But they are f buM i f ie 



cally distinct, as it has been shown that pairing oc- 
curs only when the two members are from different 
strains. 

Only a little of the behavior of ciliates is of the 
kind that we see in higher animals as they move di- 
rectly toward some favorable object or situation in 
their environment. Ciliates secure very little warning 
of what surrounds them, beyond what current feed- 
ers can detect as they sample the water ahead, so 
that mostly they find the best conditions for existence 
by a kind of trial-and-error method, as we do when 
fumbling about in the dark. A paramecium does not 
react when entering a favorable situation but only 
when it starts to leave such an area. That is. on 
reaching a place where it can detect physical obstruc- 
tion. too high or low a degree of acidity, or too high 
or low a temperature, it backs up by reversing the 
ciliary beat, and then changes its course slightly. If 
it meets the same unfavorable stimulus it backs up 
again and again shifts its course. We have named 
this the “avoiding reaction,'* and it can be repeated 
any number of times until the animal at last finds a 
free passageway or is turned back into the more fa- 
vorable region in which it has been moving. Unlike 
those people who go about boasting that they know 
what they like, ciliates seem mostly to know only 
what they do not like. And they make their way 
about in life by getting “trapped” in those areas 
where they are best adapted to live. 

As a group the ciliates are the most highly special- 
ized of the protozoans, with a variety of feeding 
structures and of elaborate locomotory and coordi- 
nating systems that defy brief description. The cili- 
ation of the body ranges from an even covering over 
the whole body, as in the holotrichs, to a few large 
cilia on the lower surface, as in the hypotrichs. On 
the basis of the distribution of the cilia, the class has 
been divided into a number of orders. 

THE OP A UN IDS 

The opalinids, named for their beautiful opales- 
cent appearance, are all mouthless parasites, mostly 
of the large intestines of amphibians. When removed 
from the rectum of the frog or toad, they will be seen 
swimming about by what appear to be short cilia 
that clothe the whole body. Opalina is oval, flattened, 
and has many similar nuclei. In the spring, at just 
about the time that frog eggs are hatching into tad- 
poles, Opalina produces cysts that pass out in the 
feces. Those that happen to be swallowed by a tad- 
pole hatch and give rise by a sexual process (not the 
conjugation seen in other ciliates) to a new genera- 
tion of opalescent adults that absorb food in ^e frog 
intestine. In spite of their superficial appearance 
they are often put with the flagellates, which they 
resemble in many ways, notably in the habit of di- 
viding lengthwise — ^instead of crosswise, as the cili- 


ates do. Moreover, their nuclei, which number from 
two to many, are all alike instead of being of two 
kinds, as in most ciliates. 

THE HOLOTRICHS 

The holotrichs typically have simple cilia, usually 
short and of equal length, that cover the whole body 
in lengthwise rows, as in Paramecium. Or the cilia 
may be restricted to certain areas of the body, as in 
the two or more ciliary girdles that encircle the bar- 
rel-shaped Didinium, and the rows of cilia that 
emerge between the plates of the armor that enclose 
its near relative Coleps. To follow the group tradition 
is to earn a living by bacteria feeding, and most have 
a ciliated groove or depression that funnels food into 
the always open mouth, reversing the ciliary beat if 
what comes in is undesirable. Some are predators, 
however, and Didinium and Coleps have at the front 
end a mouth that can be opened wide to swallow 
large prey. In Didinium nasutum the mouth is at the 
top of an extensible proboscis which is not fully pro- 
truded as the animal swims about, barging full on 
into anything that comes in its way. Didinia have 
been seen to strike the glass walls of aquaria, algae, 
euglenas, rotifers, the giant ciliates Stentor and Spi- 
rostomum — all without success. When, however, 
they happen to strike Paramecium or another com- 
mon holotrich, Colpoda, the proboscis penetrates 
and fastens onto the victim, drawing it whole into 
the widely spread mouth. Vorticella, a bell-shaped 
ciliate. also gives way to the snout, as does frontonia, 
though this last is a very large holotrich and has to 
be eaten in installments. Mast, a leading American 
student of feeding in protozoans, saw one frontonia 
attacked in fifty-eight places by many didinia. but 
until it died after forty minutes it kept closing its 
wounds and swimming about actively, growing 
smaller and smaller all the time. Apparently the 
choice of food in didinia depends not on tou^ness 
of exterior or on size but on particular physical or 
chemical properties of the prey. 

When a didinium attacks its usual food, a para- 
mecium. the victim may shoot out a barrage of trich- 
ocysts, long, sticky threads extruded through pores 
in the outer covering. The undischarged trichocysts 
lie as a layer of carrot-shaped bodies in the outer 
protoplasm; and many physical or chemical stimuli, 
especially irritants, will cause their discharge. They 
may be defensive devices, but they make a didinium 
stand back only briefly. In the end the paramecium, 
enveloped in gelatinous threads, goes down the hatch. 
It takes more than trichocysts to discourage an ani- 
mal like the didinium that was seen to devour two 
conjugating paramecia at one time. In a parame- 
cium, at least, the trichocysts seem most useful as a 
means of anchoring the animal as it quietly feeds on 
bacteria. Though common in holotrichs, trichocysts 
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CHAPTER II 


The Sponges 

{Phylum Porifna) 



Q 

k-/PONGES arc more widely known from their 
cleaned and dried skeletons than they are as living 
creatures that flourish in all the seas of the world or 
encrust rocks and sticks in fresh waters. Familiarity 
with sponges through enjoying the luxury of a fine 
soft Mediterranean bath sponge or scrubbing a wall 
with a sturdy but elastic sheepswool sponge from 
Florida waters is hardly good preparation for recog- 
nizing such animals in the flesh. Peering over the 
edge of a boat in twenty feet of water, one sees on 
the clear, sunlit bottom an ugly black ball, somewhat 
larger than a grapefruit and with an uneven bumpy 
surface. If there is someone aboard who can manipu- 
late a twenty-flve-foot pole without being pulled 
overside, it becomes a simple matter to hook onto 
the sponge with the curved metal prongs that pro- 
trude from the far end of the pole and to pull the 
living animal from its firm mooring on the sea bot- 
tom, delivering it wet arid glistening into the boat. 
Now it is seen to have a number of large openings 
through the jet-black leathery membrane that cov- 
ers the surface. And if the sponge is sliced open the 
halves reveal cut surfaces that look like nothing so 
much as raw, slimy, dark-brown beef liver. What 
superficially resemble bile ducts are tangential sec- 
tions of the main channels through which water is 
ejected out the large openings noted at the top of the 
sponge. Not apparent except on very close examina- 


tion are the millions of microscopic pores that pierce 
the whole of the outer surface and through which 
water is sucked into the sponge when it is on the sea 
bottom and feeding by straining microscopic plants 
and animals out of the water. The steady stream that 
passes through the body into the many small pores 
and out the few large vents at the top also serves to 
bring oxygen to the internal cells of the sponge and 
to carry away their wastes. 

The volume of water filtered by a good-sized 
sponge is tremendous. One estimate set the rate of 
active flow for a Bahaman wool sponge at about two 
quans a minute, and perhaps several hundred gal- 
lons in twenty-four hours. To add one ounce to the 
weight of a growing sponge, as much as a ton of wa- 
ter may have to be filtered. The' rate of flow can be 
diminished or stepped up, depending upon the condi- 
tion of the water, by contraction of the vents or by 
opening them wide. The surface pores are less re- 
sponsive than the vents and usually close only under 
injurious conditions. 

The external pores, for which the phylum of 
sponges has been named the Porifera or “pore bear- 
ers,*’ are represented in the dried bath sponge only 
by the few large vents, the small apertures having 
b^n stripped away with the removal of the flesh. 
And the extraordinary porosity of the skeletal net- 
work represents only the remnants of the complex 
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right to stand in the ranks of animals. This was after 
the last skeptics had been satisfied that sponges could 
feed like any animal without having to move about 
to gather their food. “The poor creatures,*' wrote one 
naturalist, “receive their nourishment from the wave 
that washes past them; they inhale and respire the 
bitter water all their lives." He could have saved his 
sympathy, because sponges were enjoying great 
prosperity at least half a billion years before man 
appeared on the scene. Vaselike fossil glass sponges 
and masses of fossil glass needles from the support- 
ing framework of such sponges are found in the ear- 
liest fossil-bearing rocks we know. 

An elaborate skeletal framework permeating the 
entire body is very important to an animal in which 
gelatinous material holds together loosely organized 
masses of delicate cells which must be firmly sup- 
ported to keep the extensive network of canals and 
chambers from collapsing and so interfering with the 
vital circulation. Yet every group has its exceptions, 
and there are a few sponges without skeletons. The 
soft elastic framework of the bath sponge and its rel- 
atives makes these few aberrant forms useful to us, 
but such support without hard particles in addition 
is rare among all the thousands of kinds of sponges. 
Most are much too hard and scratchy, too brittle or 
friable, whether alive, dead, or skeletonized, to be of 
much use to man. Their bodies are usually thor- 
oughly permeated with microscopic hard particles, or 
spicules, which either are simple needles or have a 
number of rays in a variety of configurations. In one 
class the spicules are calcareous, or chalky, but in 
most sponges the spicules are siliceous and like mi- 
nute splinters of glass. If a fibrous network is present, 
it is usually combined with hard spicules. Those 
sponges in which long spicules protrude from the 
surface are quite bristly. As if to make doubl> sure 
that no animal will be attracted to their flesh, many 
sponges have noxious odors. Little wonder, then, that 
sponges have so few enemies and that the bodies of 
the less compact forms give shelter to many hundreds 
of kinds of invertebrates, especudly crustaceans and 
worms, and even to fishes. Among the few animals 
definitely known to feed on sponges are certain sea 
slugs (nudibranchs), limpets, and periwinkles — all 
of them mollusks. But perhaps there are others. 

The known number of sponge species has been 
estimated as high as 45Q0» but of these only about 
150 species, all members of the family Spongillidae, 
live in fresh waters. The rest are marine, and these 
grow most abundantly in warm shallow seas but are 
widely distributed also in temperate and cold waters 
and at all depths. During the Galatkea expedition 
sponges were recorded from the sea bottom at nearly 
21,000 feet below the surface. Fibrous sponges pre- 
dominate in shallow tropical waters but give way to 
calcareous and siliceous sponges in cold water. The 


glass sponges (p. 60) are deep-water forms. The 
favored substrate is rocky or hard bottom along the 
seashores or in coral-reef lagoons, though some 
sponges are found encrusting pilings, shells, or even 
the backs of certain crabs (Plate 2). A few forms lie 
free at the bottom, but all the rest are firmly secured 
in some way, either fastened to a solid object or on 
muddy bottom anchored by a long tuft of glassy 
spicules. An occasional hardy species, like Tetilla 
mutabilis, which lives in the mud flats of estuaries 
in southern California, can somehow manage to sur- 
vive the temperature changes, pollution, and sus- 
pended sediments of such a habitat. But sponges as 
a group are especially vulnerable to suspended par- 
ticles that could clog their labyrinthine channels; and 
they grow best in very clear waters, thriving on mud 
bottoms only in deep or very quiet waters where the 
mud is seldom or never in suspension. 

The sizes and shapes of sponges vary from minute 
urns only a fraction of an inch long to erect vaselike 
or branching types 5 or 6 feet tall, or broad, squat, 
irregular or rounded masses big enough for several 
people to sit on. The simpler and smaller sponges are 
often radially symmetrical cylinders or vases, fas- 
tened at the lower end, with a single large opening 
at the top. But most sponges are colonial and have no 
special symmetry. They continue to spread out in- 
definitely in a plantlike manner and with little indi- 
viduality. If a single vent with its contributory chan- 
nels represents an individual in the diffuse colony, 
then it is difficult indeed to tell where one individual 
stops and the next one begins. Over long periods 
sponge colonies do change their patterns on rocks, 
almost as if they were moving about, by a constant 
reorganization of the cells around the periphery. As 
they meet other colonies of the same species they co- 
alesce. The most common shapes are irregularly mas- 
sive, encrusting, or branching, and the many large 
excurrent openings may be on the tips of branches or 
elevated cones, or sunk into craters. The same species 
may grow erect branches in quiet waters and cling 
matlike, molded to the substrate, where the surf is 
strong. In fresh waters and on tempierate rocky 
shores encrusting sponges are most common. After 
a storm a beach may be strewn ^^ith decaying sponge 
fragments tom from the rocks, or with sponge-cov- 
ered mollusk shells hurled in from offshore bottoms. 
On a beach in Panama we once saw hundreds of 
empty scallop shells cast up by a storm, and every 
one bore a finger-like sponge several inches tall. The 
finger-like, vaselike, and fanlike sponges are charac- 
teristic of warm, quiet seas or of the deep ocean bot- 
tom. In such quiet-water habitats many sponges 
have fairly regular growth forms, and in more elegant 
times than ours they were given common names like 
the fan, the trumpet, the bell, the lyre, the peacock's 
tail, Neptune's goblet, the sailor's nest, the feather. 
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the mermaid's glove, the elephant's ear (p. 64), 
and Venus' flower basket (p. 61). Sponge cobra- 
tion is extremely variable, even in the same species. 
Deep-water forms are likely to be drab grays or 
browns, sometimes white; but in shallow waters many 
of the encrusting sponges tend to take on brilliant 
hues: sulphur yellow, bright pink, scarlet, deep reds, 
all shades of purple, and beautiful greens. Both ma- 
rine and fresh-water sponges often harbor algal cells, 
and a fresh-water species that appears green in full 
sunlight is colorless on the underside of the same 
rock. The horny sponges of commerce shade from 
light browns to jet black. 

All sponges are capable of sexual reproduction, 
and though most produce eggs and sperms in the 
same body, they do so at different times, so that 
cross-fertilization occurs The small motile sperms 
enter other spon*;^ . with the ingoing current, and the 
food-laden fertilized egg develops into a tii«y flagel- 
lated larva that leaves with the outgoing jet. After 
swimming about for some time the larva attaches 
and grows into a young sponge. This serves to dis- 
tribute the wholly sedentary sponges to new habitats 
and gives the young an opportunity to move over a 
bit before setting up shop in competition with their 
parents and relatives. 

Animals as loosely put together as the sponges can 
be expected to have exceptional capacity for asexual 
reproduction and for the regeneration of injured or 
lost parts. Any part of a sponge can grow into a 
whole animal, though the process is slow and the at- 
tempts to raise commercial sponges from small pieces 
have met with only limited success (p. 66). When 
sponges with very high regenerative powers arc 
squeezed through silk bolting cloth, the separated 
cells come together in small clumps, then in some- 
what larger masses, and Anally grow into complete 
sponges. All fresh-water sponges, and some marine 
ones too, regularly produce asexual reproductive 
bodies, called gemmules (p. 64). When conditions 
of life become unfavorable many sponges constrict 
off the tips of their branches or simply disintegrate 
and leave behind little masses of cells. These round 
up, remain dormant for a while, and with the return 
of better times regenerate into new sponges. Small 
sponges may not outlast a single year, but it is hard 
to believe that some of the largest sponges can attain 
their magnificent size without continuous growth over 
twenty-five or even fifty years or longer. 

Most zoologists are repelled by the prospect of try- 
ing to identify sponges that fit their shape to the sub- 
strate on which they grow, vary in size according to 
the local prosperity of a spot they attached to when 
still a larva, and vary in color for reasons that are not 
always clear. Rare sponges dredged from deep wa- 
ters are often easier to identify superficially than m 
the compact enqusting types found between tide 


marks. Sponge s p e cialists have leaolved the pfoMa rn 
by basing the klemiAcation of species mahily on the 
chemical composition and geometrical oonlt^ralkNi 
of the skeletal parts, which art consistent, hi^fy dfah 
tinctivc. and readily preserved. It Is relalh^ easy 
to set aside two of the classes: the simpler and mostly 
smaller forms, the calcareous sponges, and those sUi* 
ceous sponges that we call glam sponges. All those 
siliceous and homy sponges left over are put Into a 
third and much the largest clam, which Is leas homo- 
geneous and which has been divided up in somewhat 
different ways by the various specialisu. The names 
of even the largest groupings are not yet stabiliaed. 


The Calcareous Sponges 

iClaxxCalatna) 

The calcareous sponges, as biologists call them— 
or the chalky or limy sponges, as they art popularly 
named on English-speaking shores — have spicules 
that are largely of crystalline calcium carbonate. 
They are all small marine sponges, ranging in length 
from about ‘ii of an inch to 5 inches at most. Usu- 
ally white or of drab color, these inconspicuous little 
vases or tubes, often of bristly texture, grow singly, 
in clusters, or as branches of a bushy or compacted 
colony. Some of the genera are wi^ly distributed 
about the world in shallow waters, except where the 
salt content is too markedly lowered by admixture 
of fresh water. 

Whether or not a sponge has spicules of calcareous 
content can easily be determined by teasing apart a 
bit of sponge on a microscope slide; adding a drop of 
acid, and watching through the eyepiece to see if 
the spicules dissolve with the effervescence of carbon 
dioxide released from calcium carbonate. 

Around the opening or vent at the top the cylin- 
drical body is constricted a little, and often bears an 
erect fringe of especially long needle-like spicules. 
On the body, however, the most common type of 
spicule is three-rayed, with the rays at equal angles, 
T-shaped, or Y-shaped. Three-rayed and less nu- 
merous four-rayed spicules are distributed throuf^- 
out in such a way as to strengthen and support the 
fragile structure of nonliving gelatinous matrix and 
delicate living cells. The surface may be strength- 
ened by a special layer of spicules or Iqr a paraHM 
arrangement of the rays of many body spiculis* Of* 
ten long, hairlike spicules protrude tbrnigb the body 
surface, giving it a hairy or bristly texture. 

The simplest of shore sponges belong moslfy to the 
genus Leucosoknia, a name that means **vifiiiie 
pipes.** But these sponges are so small and inooii* 
spicuous that they have never attracted much atten- 
tion from fishermen and oChen who bestow qommoo 
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a world in which people are multiplying faster than 
sponges, has made sponges more and more difficult 
to collect. Men must now use special diving equip- 
ment and go farther and farther from shore, so the 
price has risen accordingly. The more exacting pro- 
fessional users continue to buy the finest Mediter- 
ranean sponges for surgical and hygienical prepara- 
tions, for dressing leather, for applying glaze to pot- 
tery, and for scouring and sponging cloth. Fine 
sponges are also used by jewelers, silversmiths, and 
lithographers. The great bulk of commercial sponges 
like the sheepswool, which are used for cleaning 
walls and automobiles and railroad cars, have in our 
century come mostly from the Gulf of Mexico and 
from die Caribbean grounds. Some sponge fishing is 
done in the Philippines, but it is of minor importance 
in the world market. An excellent and accessible ac- 
count of commercial sponge fishing and sponge prep- 
aration, with a list of the chief commercial species 
and the areas from which they come, is P. Galtsoffs 
article in the Encyclopaedia Britannica. 

The last “normal” year for sponge fishing was 
1938, when more than two million tons of sponges 
were harvested, about 30 per cent of them from the 
United States fisheries in the Gulf of Mexico. In that 
year a disease struck at the 180,000 cultivated 


sponges that were being grown from sponge cuttings 
fastened down in artificial beds at Water Cay in the 
Bahamas. From there the disease rapidly spread to 
the natural beds of Cuba, northwest Florida, and 
British Honduras, where 700,000 sponge cuttings 
were killed. When the authors visited a Cuban fish- 
ery in June of 1939 the local fleet of sponge-fishing 
boats was tied up in the harbor, and the townspeople 
were desperately anxious for someone to minister to 
their dying source of livelihood. One old man brought 
us a sick sponge in a bucket of sea water and handed 
it over as tenderly as if it were an ailing child. When 
we went out with several fishermen to hook a few 
sponges from the sea bottom, we had difficulty in 
finding a healthy one. The disease was finally diag- 
nosed by biologists as being due to a fungus, though 
some doubts remained. Useless sponges like the log- 
gerhead were unaffected, but the valuable commer- 
cial species were all but wiped out. After reaching a 
mortality as high as 95 per cent in the worst areas, the 
disease began to subside. But the damage to the in- 
dustry was long-lasting. Synthetic sponge competi- 
tion was encouraged, and rising costs in overfished 
beds did the rest. In recent years sponge production 
in the United States has been as low as 6 per cent 
of the 1936 value. 
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CHAPTER III 



HydraMi (al Ml) md jallyMt 

Hydroids, Jellyfishes, Sea Anemones, 

and Corals 


D 

xV ADI ALLY symmetrical, often gorgeously col- 
ored, and festooned with one or more circlets of 
graceful tentacles, coelenterates are indeed the ''flow- 
ers of the animal kingdom,*' but they are animals 
nevertheless, and carnivorous at that. Their elegant 
symmetry is an effective design for snaring prey from 
any direction and passing it on to a centrally placed 
mouth. 

Fleshy sea anemones hang tentacles downward 
in rocky grottoes or hold their delicate pctaled disks 
upright in tide pools or on shaded rocks. Their coral 
allies rise, like minute anemones, from rigid cups of 
limestone, either singly or in massive colonies that in 
tropical waters form huge reefs. Feathery sprays of 
delicately colored hydroids soften rocky crevices and 
tide pools or are seen as bedraggled brown plumes In 
the beach flotsam. 

In warm temperate waters the *sea floor below 
low-tide mark is a colorful garden of foot-high sea 
fans, sea whips, and sea feathers, displaying plume- 
like or latticed branches of vivid reds, pinks, yel- 
lows, and purples. Soft corals thrust up spongy lobes 
like ghostly hands, and a little farther out the lovely 
sea pens anchor by their fleshy quills in the sand or 
mud. The deeper waters are a fairyland of tall and 
flexible gorgonians that sway with the currents. 
Through every opening and into every crevice of 
these coelenterate thickets dart fishes and inverte- 
brates of all kinds, seeking food and taking shelter 
as do the animpls in our woods. In the water above, 
jellyfishes pulse gently about or drift with the cur- 
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rents us minute little saucers or frighteningly large 
bowls of jelly. 

At night the sea is lighted with new splendor by 
the man) coelenterates that luminesce when stimu- 
lated. Millions of siitall jellyfishes flash with every 
wave, making the dark water sparkle. Nenv the sub- 
marine prdens reveal themselves as softly lighted, 
scintillating pathways that fade and then sparkle 
anew as the sea pens and other sessile coelenterates 
react to the touch of wandering fishes and bottom 
creatures. 

Of more than nine thousand species of coelenter- 
ates, only a few small members, all belonging to the 
most primitive class, the Hydrozoa. have managed to 
invade fresh waters. These include the little hydras 
of ponds and streams, an uncommon hydroid, a tiny 
parasite in the eggs of the sturgeon, and two small 
jellyfishes that turn up sporadically. Some hydroids 
and sea anemones penetrate into brackish waters, 
where sea water is diluted by fresh, but the coelen- 
terates as a ^oup, and the reef corals In particular, 
flourish only in fully marine habitaU and are notice- 
ably absent near the mouths of rivers. 

The great banks of reef-forming corals, and the 
luxuriant growth of other ooeknteraies thtf Uve on 
these reefs, are not found ouUkle the tropics and 
subtropics. Yet many ooetonteraies, and even oer- 
Uin kinds of tall branchiiqt Mrgb, ate so abitodant 
in temperate and cold waters that one can hardly 
think (rf this as a warm-water phylum. i 

Beyond the depths to wUdi the aquanmg 


or die- 


ing suits can take us, coelenterates are very much at 
home, even in the deepest trenches of the ocean floor. 
There they have been reached only by the instru- 
ments and dredges, and at lesser depths also by the 
cameras, of specially equipped oceanographic ex- 
peditions. The matchless English Challenger expedi- 
tion (1872-1876) and the superbly equipped Dan- 
ish Calathea expedition (1950-1952) dredged 
many lovely and bizarre coelenterates that were still 
alive and often still able to luminesce even after 
rough upward trips from fifteen thousand feet or 
more. 

All of the attached and cylindrical coelenterates, 
whether they be large fleshy anemones or minute and 
glassily transparent members of a hydroid or coral 
colony, are called polyps, from the French word 
poulpe, for octopus. The term goes back to the Greek 
for “many-footed,” and refers to the agile tentacles 
that capture and pass food to the mouth, but in a few 
species can be used for moving about. In the jelly- 
fishes the tentacles have been pushed out, by a 
spreading of the body, to the rim of the umbrella. 
Where the handle of an umbrella would be, there 
hangs a tube with the mouth at its tip, directed down- 
ward, in contrast with the usually upright polyps. In 
either group, polyps or jellyfishes, some members 
may take up the opposite stance, and this is not sur- 
prising, for when we come to examine them closely 
we see that the two kinds are built on the same basic 
plan and that both fixed polyp and free-swimming 
jellyfish types may occur as stages in the life history 
of a single species. In both, the body is a sac with 
only one opening, which doubles as entrance for 
food and as exit for indigestible residues and body 
wastes. The main body cavity (“coel”) is the in- 
testine (“enteron”), and the saclike digestive cav- 
ity, or coelenteron, lends its name to the animals de- 
scribed in this chapter. 

The digestive lining secretes juices that break 
down the food into a thick broth and the fluid food 
then circulates about the whole animal, or through 
branches to other members of a colony. Some cells 
lining the cavity engulf the smaU particles protozoan- 
fashion, and complete the digestion of what appears 
to be in most cases wholly animal food. 

The phylum Coelenterata at one time included 
the sponges and the comb jellies. Then it was real- 
ized that the main cavity of sponges is a water pas- 
sage, not a digestive cavity, and the sponges were 
removed. The coelenterates and the comb jellies still 
share the same phylum in many books, for they 
have the coelenteron in common. But they differ in 
several important ways, notably in the absence in 
comb jellies of the microscopic thread capsules, or 
nematocysts, which are characteristic of coelenter- 
ates and which they use to sting and to hold prey. 
More will be said of these later. In dividing the coe- 


lenterates from the comb jellies it would be most log- 
ical to discard the old phylum name and to call the 
group the phylum Cnidaria (cnidos = “thread”) to 
indicate the basis for distinction from the comb jel- 
lies, which (with one possible exception) have no 
thread capsules. Some leading students of coelenter- 
ates have already done this, but the name “coelen- 
terate” is so well established and so widely used 
that it has seemed best not to change it here. 

The outer surface of the coelenterate body is a 
protective epithelium, only one cell layer thick, so 
that the most fragile coelenterate bodies consist only 
of two microscopic layers of cells held together by a 
secretion of nonliving jelly. Jellyfishes acquire bulk 
and buoyancy by a tremendous increase in the 
amount of secreted jelly, and in the more advanced 
(scyphozoan) jellyfishes the jelly is invaded by cells 
and strengthening fibers. Even more cellular ele- 
ments take over the gelatinous layer of sea anem- 
ones. Nevertheless, the extraordinary diversity in 
external form that we see in coelenterates consists 
only of superficial variations on one simple structural 
theme. 

The phrase “spineless as a jellyfish” is meant to 
epitomize the flabby invertebrate way of life, and 
the animal it describes has little resemblance to the 
firm, muscular, and speedy fish. Zoologists prefer the 
name “medusa” for the jellyfish type. It was sug- 
gested by a fancied resemblance to the snaky tresses 
of the Gorgon Medusa, the mythological maiden 
whose hair was turned into serpents that petrified 
anyone who looked on them. Small animals are in- 
deed paralyzed when they approach or are ap- 
proached by coelenterates, for the heavy armature 
of stinging thread capsules, especially on the ten- 
tacles, makes them highly deserving of their rep- 
utation as “the stinging nettles of the sea.” The oval 
capsules contain coiled hollow threads that can be 
discharged when properly stimulated. There are 
many kinds of such capsules in the group as a whole, 
and usually more than one kind in a species. Some 
are adhesive and used to attach the tentacles in cer- 
tain modes of locomotion; others adhere to prey; 
still others wind like tiny lassos -around the bristles 
of small animals and hold them fast. The largest and 
most important kind has a thread that penetrates 
small prey and injects a paralyzing poison. The dis- 
charged threads of the common anemones of tem- 
perate seashores have little effect on the relatively 
big, homy hands of human beings. At the most, one 
senses a sticky feeling as the tentacles adhere to a 
probing Anger. Likewise many of the commonest 
JellyAshes of temperate seas either are quite harm- 
less or only slightly annoy swimmers by producing 
strong prickling sensations. This is no comfort to 
those who tangle with cyaneas in Atlantic waters or 
with certain tropical jellyflshes for they are lucky to 
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listed in the bibliography, tells of Trembley himself 
and of his work with hydras and other microscopic 
animals of fresh water. Hydras may be readily col- 
lected in nature or purchased from biological supply 
companies, and they can be cultured in the home if 
kept in pond water, maintained at temperatures be- 
low 75 °F., and fed on small crustaceans such as 
daphnias. Detailed directions for rearing many kinds 
of invertebrates are given in the GaltsofF book listed 
in the bibliography. 

THE TRACHYLINE MEDUSAS 
A jellyfish in fresh water once seemed as anoma- 
lous as did a black swan to the ancients. Yet the 
black swan eventually turned up in Australia. And 
in 1 880 a fresh-water jellyfish was discovered in the 
tank in Kew Botanical Gardens, near London, in 
which were kept the giant water lilies from the Ama- 
zon. It was named Craspedacusta sowerhyi, and af- 
terward more were found in other botanical gardens 
in Europe, confirming the impression that it had been 
brought with water lilies from Brazil. During recent 
decades it has turned up on other continents, and is 
frequently but sporadically reported from all over 
the United States. Either it is becoming more wide- 
spread, or more people are aware of its existence and 
are keeping an eye out for it, especially in the most 
likely season, from July to October. It seems to favor 

The commonest jellyfish encountered by amateur 
yachtsmen along the Atlantic coast of America is 
Gomonemus murhachiU whose tentacles and dark 
sense organs around the rim of the hell mark a circle 
as much as an inch in diameter. The cross*shaped 
marking in the dome of each bell is produced by the 
niflUed reproductive organs. (Massachusetts. Lorus 
and Margery Milne) 


artificial bodies of water or those of limited size, such 
as aquaria, ditches, old flooded quarries, impounded 
streams, and small ponds, perhaps because it does 
best where plankton is very rich; but it has been 
found also in small lakes. No written account or col- 
ored plate of a beautiful or bizarre coelenterate from 
the ocean deeps can substitute for the thrill of look- 
ing over the edge of a rowboat, a thousand miles 
from the nearest salt water, and seeing little trans- 
parent hemispheres, 1 inch across at most and usu- 
ally smaller, pulsating in the water. Removed to a 
large jar or an aquarium, where one can watch them 
at leisure, they are seen to have several sets of ten- 
tacles and to hold one group erect or obliquely up- 
ward, the others horizontal or extending downward. 
There is a shelflike velum extending in from the um- 
brella, and four radial digestive canals. From each of 
these hangs a baglike sex organ that looks like a little 
pistol holster. Though usually seen in small groups, 
all of one sex, they may occur by the thousands. 
They are known to feed on rotifers and various small 
crustaceans. The polyp stage, originally described 
and named as Microhydra ryderi, lives on the bottom 
as a minute ( to of an inch) colony of several 
polyps lacking tentacles. A good account can be 
found in Pennak’s Fresh-Water Invertebrates of the 
United States. Limnocnida, a similar jellyfish, is 
known from lakes and streams in Africa. 

The fresh-water jellyfishes seem to be allied to the 
trachyline medusas, a marine group that differs from 
the hydrozoaii medusas mentioned earlier in having 
a very minute polyp or none at all. It also differs in 
the nature of the sense organs found around the rim 
of the umbrella, which are thought to have a balanc- 
ing function. A well-known marine member is Go- 
nionemiis, familiar to all students of biology from 
laboratory experience with preserved specimens. In 
nature it uses the adhesive pads near the tips of the 
tentacles to cling to the eelgrass among which it lives. 
When the light is not too bright or too low, Conio- 
nemus fishes for its food by swimming in rapid.pul- 
sations to the surface, turning upside down, and then 
coasting slowly downward with its tentacles out- 
spread in a wide net. 

THE HYDROCORALS 

The hydrocorals are a wholly marine group that 
includes the ''stinging corals,'’ likely to be long re- 
membered by any inexperienced collector in wann 
waters who tries to break off what may look like an 
innocent and beautiful bouquet of light pink branch- 
ing coral. They used to be lumped with the hydroids, 
which they resemble in many ways, but hydrocorals 
secrete massive skeletons of limestone, either erect 
and branching or leaflike, or low and encrusting. 
The millepores, which are white or of pale fleshy or 
yellowish tones, contribute a good share to the for- 



mation of many coral reefs and are very abundant 
in reefs of the western Atlantic. Another group of 
hydrocorals, mostly of deeper hues of pink, red. vio- 
let, or purple, also do best in warm waters but extend 
into temperate seas as branching species in deep wa- 
ter or encrusting ones in the more surfy shore waters. 
A lavender or purple encrusting form, Aliopora por- 
phyra, occurs as calcareous patches encrusting rocks 
at very low tide levels on the southern California 
coast. Its white polyps may be glimpsed in the smalt 
starlike craters that pock the surface of the massive 
colony. 

THE SIPHONOPHORES 

The siphonophores are flouting hydrozoan colo- 
nies of great beauty, in which several kinds of polyp- 
like individuals an * a variety of medusa-like indi- 
viduals are all combined into a single functioning 
complex that swims or drifts its way about, dangling 
drift nets of stinging tentacles to catch living prey. 
Most common in tropical and semitropicul waters, 
they are to be found, especially in summer, drifting 
even in polar seas. On the Danish cruises of 1 908 to 
1910, an hour's tow in the Atlantic or Mediterranean 
brought in from six hundred to one thousand of these 
delicately transparent, milky, or subtly shaded colo- 
nies. Feeding polyps, contractile stinging tentacles, 
reproductive individuals, swimming bells, floating 
medusoids, protective flaps, and still other kinds of 
coelenterate units share the food netted from the rich 
animal plankton of surface waters. But many sipho- 
nophores can release gas from their floats in rough 
weather and sink below the surface, and some regu- 
larly live at greater depths, down to nine thousand 
feet. Even those at the surface are usually incon- 
spicuous in the water and may escape notice despite 
their occurrence in immense swarms brought together 
by winds or currents. Around the globe, tropical and 
semitropical waters have much the same component 
of common siphonophores; those restricted to one 
ocean arc the exception. In all warm seas Hippopo- 
dius trails delicate strings of polyps from a small 
cluster of swimming bells at the surface. A little more 
compact is Physophora, also circum^obal in warm 
waters but in summer carried northward by currents 
to southern Greenland, Iceland, and the Barents Sea. 
Superficially resembling little medusas arc the tiny 
blue or greenish disks of Porpita, which from the 
deck of a liner in tropical waters can be seen by the 
thousands, dotting the ocean for many miles. 

The only two siphonophores that arc really well 
known, however, arc the usually sky-blue “by-th^ 
wind sailor,’* Velella (called the “purple sailor” in 
areas where it tends to be violet), and the even more 
vividly blue “Portuguese man-of-war,” PhysdUa, 
which may also be tinted with bright pink or orange. 
In certain yearsuboth are carried nc^ward in the 


Atlantic by steady winds and become ttrandad in 
great numbers on Bnttsh. Belgian. French, and 
American Atlantic shores, far beyond their usual 
range, where their novclt> attracts much attention. 
The same sort of thing happens in the southern hem* 
isphere. Dakin sa>s in AusaruUon Sfoshtm, There 
yelella, Ptvrpaa, and Phy%tdia arc stranded on the 
beaches of New South Wales, where the local name 
for the last is “bluebottle." 

Velella kx>ks like a single flat medusa, 1 to 3 
inches long according to age or species, with a trans- 
parent iridescent sail set diagonally across the long 
axis of an o\al float stiffened with homy material 
From beneath the transparent gas-filled float is sus- 
pended the blue or pale purple body, with a singlie 
lurge-mouthed feeding tube at its center and this sur- 
rounded h> 40WS of reproductive bodies and a circle 
of «^tinging bodies that look like tentacles Their sting 
IS inniKuous to man At intervals of several years 
countless numbers arc washed up on the beachm of 
Florida. Oregon, California, Sicily, and many other 
mild parts of the world. Meets of Velella are accom- 
panied and fed on by certain mollusks such as the 
floating purple snail Janthtna fanihina, and by nudi- 
branchs such as Fmna Great shoals of Velella may 
at times furnish the main food of the giant sunflsh. 
Mala mala, whitli is said to live entirely on floating 
coeicnterates. As Velella is swept northward along 
the American Pacific coast, even sometimes to north* 
ern Washington, the big fish follows, fur beyond its 
usual range 

PhysaUa (Piute K) occurs in middle latitudes in 
the Atlantic, Pacific, and Indian oceans. For all the 
blue and pink iridescent beauty of the gas-ftllcd Roat, 
the tentacles trailing downward for 40 to 60 feel, or 
perhaps even us much us KMl feet, peck a sting that 
can disable or kill a swimmer. Fatal injuries arc said 
to be due to allergic shock in peopk who have be- 
come strongly sensitized by earlier experknoes with 
the proteins of the large stinging thre^. Neverthe- 
less, all swimmers in warm waters should give this 
most dangerous of coelentcratei a wide berth* and 
even those who examine Physalia from a boat or 
when the colony is stranded on a beach shoidd uia 
care. So many may accumulate on beaches as 10 turn 
the sand blue, and people suffer painful stings from 
the dead tentacles in beach sand or on fiaMiig gear. 
We well remember the fiery waits on tha arms of a 
laboratory helper in Bermu^ who cleanid an i^gnar- 
ium that had housed a physatia waaks bbfere end 
apparently still oomained tentacle fragmenli Ifcal 
had dried on the walls. Oddly, there are antaah tbnt 
can exploit PhysaUa without suBering harm. A sundl 
fish, Nomeus, has never been found exoafU in the 
company of PhysaUa, ventufiog away briafly, but al- 
ways darting hoA to the sale harbor of die tenta- 
cles so daad^ to other fisbas* even those 







stalked medusas are only too easy to overlook, for 
most are only 1 inch or so across the open flaring 
end of the umbrella, and are the same brownish or 
greenish color as the seaweeds to which they cling. 
A few come in prettier shades of blue, violet, pink, 
or orange. The pendant mouth stalk is four-cornered, 
with little lobes, and ingests small animals that come 
its way. If the food supply runs low, some stalked 
jellyfishes can glide to new stations, adhering to solid 
support by the tentacles and by adhesive pads that 
alternate with the clusters of tentacles around the 
margin of the umbrella. They are said to breed at all 
seasons, and the egg develops into a stalked, trum- 
pet-shaped adult without going through the splitting 
stage typical of many scyphozoans. Best known of 
the stalked jellyfishes are Haliclystus and Lucernaria. 

THE CUBOIDAL JELLYFISHES OR 
SEA WASPS 

In tropical or subtropical bays or harbors, or some- 
times in the open sea, sea wasps had best be recog- 
nized by their cuboidal shape, not by testing their 
highly venomous sting. The colorless body has four 
flattened sides, and from each corner springs a ten- 
tacle or a group of tentacles, these often with some 
color. Feeding mostly on fish, they back up their vo- 
racious appetites by the strongest swimming habits 
known among jellyfishes. The cuboidal umbrella 
may contract up to 1 50 times a minute. Though many 
are only 1 or 2 inches high, some measure as much as 
10 inches from margin to top of umbrella. The best- 
known genus of sea wasps, Caryhdea, is luminescent. 
In spite of the evil reputation of Carybdea alata in 
the tropical Pacific, Atlantic, and Indian oceans, it is 
members of this genus that are relished in the Gilbert 
Islands (p. 77). The most fearsome genus of all is 
Chiropsalmus, especially in Philippine waters. Phil- 
ippine and Japanese fishermen call this the *'fire me- 
dusa*’ and keep their distance. Chiropsalmus quadri- 
gatus, notorious for its rapidly fatal sting, is known 
from northern Australia, the Philippines, and the In- 
dian Ocean. A related but less dangerous form oc- 
curs in the Atlantic from North Carolina to Brazil, 
and also in the Indian Ocean and northern Australia. 

THE CORONATE JELLYFISHES 

The coronate or crowned jellyfishes are recognized 
by a prominent horizontal groove that encircles the 
umbrella. Below this crowning groove the umbrella 
margin is furrowed by vertical grooves, each ending 
in the middle of one of the lobes of the often deeply 
scalloped edge. The beautiful sculpturing of these 
masses of jeUy reminds one of some of the gelatin 
^desserts that have been shaped in grooved, domelike 
metal molds. Coronate jeUyfishes may measure 6 
indies across, but most are under 2 inches. Though 
this is chiefly a deep-water group, some species, like 


the flattened Nausithoe, are common in all warm, 
shallow waters. Nausithoe is often seen in the Baha- 
mas and in Florida, and is carried northward along 
the American Atlantic coast. It occurs also in more 
northern Atlantic waters. Periphylla hyacinthina, 
with a high, narrowly pointed umbrella and a beau- 
tiful purple color, is common in deep waters all over 
the world and is often seen at the surface. 

THE DISK JELLIES 

Not all the members of this group are as disklike 
as the common name suggests, but compared with 
other scyphozoans they do have flattened umbrellas 
when relaxed. They look hemispherical when con- 
tracted in swimming. Large and bulky kinds, espe- 
cially Cyanea, are often called sea blubbers. The 
technical name, Semaeostomeae, makes a poor han- 
dle for these most typical of scyphozoan jellyfishes, 
which are the ones most likely to be seen in temper- 
ate waters. All are of moderate to large size, ranging 
from 2 inches to 2 feet across. The giant Cyanea, re- 
ferred to on page 00, is exceptional. Disk jellies oc- 
cur in all coastal waters, especially warm and tem- 
perate ones, often in great shoals of many thousands 
of individuals, usually at seasonal intervals. The um- 
brella margin is often scalloped into eight lappets, 
sometimes more. The four corners of the mouth are 
drawn out into four long, frilled lobes, each folded 
down the middle and forming a trough to direct food 
into the mouth. 

Unfettered by a fixed stage, the lovely Pelagia is 
the only disk jelly free to roam the open seas. The 
purple-rose umbrella, shading into blue, is 2 inches 
or more across, and the scalloped margin has sixteen 
notches, eight tentacles, and eight sense organs; the 
tentacles and sense organs alternate in the notches. 
When Pelagias glide past a ship at night they glow 
like white balls of fire. Seen at a distance, they show 
as large winking spots instead of as the even glow 
caused by billions of luminescent protozoans. Pelagia 
novtiluca is abundant in the Mediterranean, and it is 
probably the same species that is swept up the Amer- 
ican coast by the Gulf Stream and that delights Scot- 
tish observers whenever it arrives in the North At- 
lantic Current. 

Also luminescent is the graceful compass jellyfish, 
Chrysaora hysocella, strongly marked on the um- 
brella with radiating V-shaped streaks. Toward the 
end of summer it appears in great numbers in Euro- 
pean Atlantic waters. 

Most widely distributed of the true jellyfishes is 
the moon jelly, Aurelia aurita. In all oceans, and 
from polar waters to the equator, it seems to vary 
little, though probably there are several subspecies 
that breed at different times and require different sea 
temperatures. When rdaxed and drifting it is a shal- 

[oontinued oo page 97 ] 
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several hours and then poked, a wave of soft bluish 
light spreads over the whole surface of the colony 
from the point touched. Renillas feed on small ani- 
mals and larvae, stinging and swallowing them after 
the prey has become entangled in a mucous net se- 
creted over the surface. They arc themselves known 
to be eaten by nudibranch mollusks, one of the few 
animal groups with a taste for the coelenterates. 

SEA ANEMONES AND CORALS 

(Subclass Zoantharia) 

This somewhat heterogeneous group includes the 
sea anemones, solitary and without a skeleton; the 
true or stony corals, with a skeleton and usually co- 
lonial; the black corals; the zoanthids; and the ''tube 
anemones” or cerianthids. Not all fit the most com- 
mon body pattern of parts repeated in multiples of 
six; but none ths the neat alcyonarian model of just 
eight feathery tentacles and eight internal partitions. 

THE SEA ANEMONES 

Though named for the lovely "windflowers” of 
mountains and woodlands, the familiar anemones of 
tide pools and rocky ledges more often suggest dahl- 
ias and chrysanthemums. There are about a thou- 
sand species of sea anemones, and most have a 
broad, flat, rayed disk crowning the free end of a 
stout muscular body. At the center of the rayed disk, 
which gives the group its order name, Actiniaria, is 
an elongate mouth, usually with a flagellated groove 
at each end for directing a current of water to the in- 
terior. Surrounding the mouth are one or more circles 
of tapering hollow tentacles that belie their harmless, 
petal-like appearance, wafting minute animals into 
the mouth or cramming it with worms, crabs, and 
Ashes. 

The common colorings in temperate waters are 
white, tan, salmon pink, orange, brown, olive, or 
green, but temperate-zone anemones may also be 
vividly red or striped and dotted in contrasting and 
breath-takingly beautiful geometric patterns of reds, 
blues, grays, greens, and purples. Even in tropical 
waters, where all groups put on a spectacular show, 
the anemones distinguish themselves by their bril- 
liance of color. 

Sea anemones unfold their disks in every sea, 
growing larger and more numerous from the poles to 
the equator, though any one species may not con- 
form to the general trend. Mostly creatures of shore 
and shallow waters, they extend to all depths. Un- 
derwater photography has revealed an area 2100 
feet deep, off the American Atlantic coast, where sea 
anemones are the most abundant form of life. On 
such mud bottoms they are anchored by a bulbous 
base, attached to manganese nodules on the floor, or 
cling to shrublike gorgonians or tall branching corals. 
The Danish Galathea expedition hauled up a hith- 


erto unknown anemone from the Philippine trench, 
about 30,000 feet down, and very appropriately 
named it Galatheanthemum. From 15,000 feet the 
Galathea dredge yielded white anemones attached 
to the long stalks of Hyalonema-like glass sponges. 

Entirely tropical are the floating minyads, many 
of them a lovely blue color like that so often seen in 
other floating coelenterates of warm surface waters. 
The giant stichodacytyline anemones are also ex- 
clusively tropical. These include Stoichactis, with a 
disk up to 3 feet across, a full complement of plant- 
like cells in its tissues, and an interesting set of small 
crustacean and flsh friends. Best known of its animal 
commensals is the little pomacentrid "damsel flsh,” 
Amphiprion, that darts among the tentacles of Stoi- 
chactis in Indo-Paciflc waters. Vividly banded in 
black and orange, with tins edged in black and white, 
it is very conspicuous as it plays about its anemone 
host; and it is said to lure other Ashes to the host's 
disk or even to bring in offerings of food. At the least 
threat the flsh darts quickly to the safety ol the wav- 
ing tentacles. The flsh is apparently immune to the 
anemone's stings and perhaps becomes so by its 
habit of mouthing and nibbling the tentacles. In any 
case, a flsh once acclimated to its host no longer in- 
cites the discharge of stinging cells on contact with 
the tentacles. Working at the Marineland of the Pu- 
ciflc, an exhibition aquarium in California, and using 
Stoichactis and Amphiprion imported from the Phil- 
ippines, Davenport and Norris found that the protec- 
tion of the flsh seemed to reside in the mucous cover- 
ing of its skin. The Dutch investigator Verwey, who 
studied this anemone from Djakarta Bay, off Java, 
has shown that at least in the conditions of an aquar- 
ium, the big anemone does not flourish without its 
small flsh associate. Stoichactis is the upper limit of 
the size range. At the other extreme are minute pol- 
yps only a fraction of an inch long, some of them also 
tropical, like Gonactinia prolifera of the eastern At- 
lantic, which swims by waving its tentacles. 

In temperate waters few anemones are as wide- 
spread as the plumose anemone, Metridium, which 
lives mostly below low-tide mark. The soft, rounded, 
feathery masses of tentacles, colored white, pink, 
orange, or brown, decorate wharf pilings and the un- 
derside of floating docks, or rise on broad muscular 
bodies, usually of the same color, in rocky caves or 
crevices where they can be seen at the very lowest 
tides. The large lobed and frilled feeding disk, cov- 
ered with many hundreds of tentacles and with very 
little bare area around the mouth, is vaguely sugges- 
tive of the many-petaled chrysanthemum (Plate 18). 
Fine tentacles capture only minute plankton animals, 
which are swept toward the mouth by beating cilia on 
tentacles and disk. Metridium extends pretty well 
around the world in the northern hemisphere. It 
flourishes in cool European waters, and on the Amer- 
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anemone contracts they are extruded through the 
mouth and through special holes in the body wall, 
the cinclides. Many anemones, including Metridium, 
extrude stinging filaments; but it is interesting that al- 
most all the anemones that live on hermit crabs do 
have them. Adamsia palliata apparently cannot live 
without its crab host, but other anemones so associ- 
ated are less dependent. CalUactis parasitica lives 
on Eupagurus bernhardus (Plate 15) in Europe, and 
CalUactis tricolor on hermit crabs along the Ameri- 
can southeast coast and in the Gulf of Mexico. 
Other species of CalUactis and other anemones, 
however, are reported to have similar habits in all 
parts of the world, mostly in fairly warm waters, as 
of the Gulf of California, Chile, Hawaii, Japan, the 
Indo-Pacific, the Great Barrier Reef, East and South 
Africa. In the tropics certain reef crabs go about 
brandishing an anemone in each claw, presumably 
as defensive and food-catching devices, for the crabs 
are said to reach up and take food from the disks of 
the anemones. 

Apparently contented anemones have been ob- 
served to hug the same crevice for more than thirty 
years. Others move occasionaUy, especially if their 
posts turn out to be too surfy or on the sunny side; 
and the more restless species walk about frequently 
by a slow kind of muscular gliding. The minyads, 
mentioned earlier, have the basal disk expanded into 
a rounded float. The tiny Gonactinia was mentioned 
earlier as one of the few anemones that can swim by 
stroking the water with its tentacles. Undulating the 
whole body produces brief swimming excursions for 
some bigger forms, and Stomphia coccinea in Puget 
Sound frees itself and swims about by muscular un- 
dulations whenever it is touched by certain starfishes. 
This may be a rapid-escape mechanism, as at least 
one of the starfishes involved has been seen to feed 
on anemones. For the most part, however, sea anem- 
ones have few predators besides those intrepid eaters 
— ^sea slugs and men. 

Anemones expand their column and tentacles 
by taking in water, and they are very vulnerable to 
drying. Most live below low-tide mark where they 
never have to face this problem, but shore anemo- 
nes usually pull in their tentacles and contract until 
the tide returns. The beadlet anemone. Actinia 
equina, of European waters, is bright red with a row 
of blue beads around the column just below the ten- 
tacles, but it occurs also in less common brown and 
green varieties. At Helgoland in the North Sea red 
and green Actinias literally carpet the rocks. On 
British and French shores one sees them on exposed 
spots where others cannot brave the surf and at high 
shore levels where more delicate anemones could not 
survive the long intervals of dryness. As the tide ebbs 
the beadlet contracts into a formless blob of red jelly 


that in hot weather dries to a leathery knob before 
the water comes surging back to restore its elegant 
form, translucent coloring, and delicate texture. Ac- 
tinias are the commonest of British shore anemones, 
and their habits of feeding on jellyfishes, small fishes, 
and other sizable prey are known to few people as to 
Douglas and Alison Wilson. They were surprised one 
day, however, to come upon a unique sight — a rocky 
ridge in a Devon bay that at low tide was covered 
with beadlets, each with a long, silvery sand eel 
protruding from its mouth. A shoal of fishes had run 
into the ridge, and there were the anemones, each 
striving to cope with prey much too long to be swal- 
lowed, while other animals were managing bites of 
the protruding bodies. 

Suddenly contracting anemones often eject water 
from the mouth or through special holes in the body 
wall. At low tide one sees jets of water issuing un- 
expectedly from closing anemones, and hears the 
squshing sounds made by luckless ones that have 
been stepped on. Kneel beside a tide pool and poke 
almost any anemone, and it will hug your finger us 
the discharge of stinging threads makes the tentacles 
cling and as the folding disk pulls in. Then, as in a 
string pouch being closed by a tightening of the cord, 
the anemone may contract a ring of circular muscle 
around the opening and leave your intruding finger 
outside. One of the few anemones that does not close 
up and that rarely retracts its tentacles is the ''opelet" 
or “snakelocks,” Anemonia sulcata, a dull green or 
pinkish brown anemone common on European shores 
(Plate 14). In the sunny spots shunned by most 
anemones, it spreads its long, snaky tentacles, often 
tipped with mauve, where they best display to the 
light the green algal cells within the tissues. Perhaps 
it has little need to retreat, for its stinging capsules 
are especially large and numerous and it is often 
something of a feat to disentangle the clinging tenta- 
cles from one's fingers. Also green with contained 
algal cells are the two common anemones of the 
American Pacific coast, the solitary “big green 
anemone,” Anthopleura xanthogrammica, and the 
“aggregated anemone,” Anthopleura elegantissima 
(Plate 13). Like the snakelopks, they feed in full 
light. When darkness comes and most other anem- 
ones begin to unfold their disks and feed, the an- 
thopleuras draw in their tentacles and rest. 

The big green anemone is known from Japan, the 
North Pacific, and down the American Pacific coast 
from Alaska to Panama in the very low tide zone or 
in well-aerated tide pools. Flourishing specimens 
growing in briUiant sunlight are a beautiful emerald 
green, often marked with purple, and as much as 10 
or even 16 inches across. In spite of their large size, 
their sting causes only a slight tingling. Under 
wharves, in caves, or in shaded spots they are pale 
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old, more likely ninety, but they had undergone 
obvious changes during all the years of observation. 

THE TRUE OR STONY CORALS 

The graceful sprig of white coral on the mantel- 
piece, rudely broken from its firm attachment on 
some coral reef, is little more than a brittle limestone 
cast of coralline symmetry. In life it was veiled with 
delicate flesh of pink, heliotrope, purple, red, yellow, 
green, or golden-brown hue; and it held blossom-like 
polyps secure in its sheltering craters. Though many 
tons of coral skeletons are every year distributed all 
over the world to ornament homes far from the trop- 
ics, the great economic importance of coral polyps 
lies in the serious hazards to navigation erected b\ 
their limestone-secreting habits. So rapid is reel 
growth in some <its of the South Seas that navi- 
gation charts more than twenty years old are said to 
be useless. Much modern research on living coral 
reefs is contributing toward a more successful ap- 
proach to drilling for oil in fossil reefs left from ear- 
lier geologic periods when the extent of warm seas 
on our watery planet was far greater than it is in 
our time. 

There are some twenty-five hundred species of 
true or stony corals (technically called scleractinian 
or madreporarian corals), and all have similar pol- 
yps that look like tiny and delicate anemones sitting 
in limestone cups. The polyps may be widely spaced, 
each occupying a separate cup, or the cups may be 
so close together as to have common walls; or the 
polyps may be joined together in rows and occupy 
grooves in a rounded skeletal mass. In the brain 
corals” so common on coral reefs, sinuous skeletal 
grooves are fringed on each side by a continuous 
row of tentacles and have along their bottom a row 
of spaced mouths. 

Relatively few corals arc solitary, and these oc- 
cupy isolated little cups or disklike skeletons several 
inches across. All the rest arc colonial and join their 
small but numerous forces to secrete large coral tene- 
ments. The rounded bouldcr-likc corals arc hardier 
and predominate at the surf-beaten seaward faa of 
most reefs. The branching anticr-like corals (Plate 
31 ) of shallow waters arc more typical of the pro- 
tected rear areas of a reef. Sometimes the same spe- 
cies of coral grows rounded or softly lobed in exposed 
situations and intricately branching farther back on 
the reef. Deep-water coral colonies have a 
aspect, with narrow branches well suited to shed sed- 
iments that fall from above. 

In the daytime coral polyps remain more or leu 
contracted, then expand and feed at night, when 
plankton animals rise to the surface in greatest nun^ 
bers. Corals with very small tentacles 
nute crustaceans and other animals in stran ds of mu- 
cus and waft them to the mouth by bea ting cilia. The 


larfEcr polyps with kMig teiUadu grasp amfill pray, 
sometimes even tin> fishes, and the food onto 
the mouth or push it in (Plate 261. 

The skeletons of stony corab are not laid down 
within the living substance, u in the akyonarian 
corals described earlier, but are secreted by the outer 
\BytT of cells and lie completely outside the coral 
animals. Each polyp secretes atmt htelf a limy cup 
filled with radiating ridges that alternate whh the 
internal partitions As the ridges grow by steady ac- 
cretion. they push up the underside of the body into 
folds that conform to the hard ridges. Ejtcept for 
somr of the orange-red or red solitary and tkwp- 
w'uter form.s. coruK have no pigments in the skeleton 
itself, so that dried reef corals are various shades of 
off- white until thc> are bleached white by the sun or 
by thoic w'ho prepare pieces of decorative airal for 
sal? Many reef-coral "'heads” look red or green 
when broken open, but only because the old layers 
of porous colonial skeleton are thoroughly permeated 


by colored algae 

Corals live firmly cemented to the hotium. but 
some of the ikolitury forms, though attached when 
young, are freed later in life to shift about on sandy 
inittoms or to become imbedded in mud by a ptunted 
base rhe mushrixim coral, f-unicM, found mtistly on 
tropical reefs, has a single large green or brownish 
polyp that may Ic 5 inches across or more. The fully 
extended tentacles stretch 2 or 3 inches beyond the 
disk. Ihe young mushroom coral expands at the 
mouth end into u disk which is eventually set free. 
The original stalk :h:n repeatedly produces and 
sheds disks until a number lie scattered about, and 
still growing, upon the bottom. The beautiful convex 
disk \silh its many large r.tdiating ridges looks lito 
the underside of the cap of a gilled mushroom. H is 
familiar to collectors of shells and corals. A free- 


living coral, Hetmpp^amnlla, provides shelter for a 
sipunculid worm; when the coral topples over, the 
worm sets it upright. 

The subtle or gorgeous colorings of living corah, 
which make coral reefs as exquisitely beautiful as 
any flower garden, are provided in part by the 
golden-brown plantlike cells that live within colorlefs 
polyps, as well as by the many pastel tints lent by 
pigments in the flesh. The gayest oontrasU often 
come from the other animals that throng all coral 
reefs, either attaching firmly to maifilain a foothold 
on these biological oases in a vast, shifting ocean, or 
moving about freely from one coral cieviee to an- 
other in the almost spongeUke pocosiQr of old eocnl 
layers. Gaily colored fishes dart in and oni of coral 

thickets, and some of them browse on Ibe eoral le |St 

at the worms in coral cavities. Liltia eoiaHpdl cMhi 
live within the branches of certain 6orals» the eongg 
female settling in the fork of a growing braOGli and 
coral growth — 


b 



the perforated coral chamber it maintains respiratory 
and feeding currents, and when mature it is visited 
by a minute male able to make its way through the 
small openings in the coral. 

Sediments would clog the delicate ciliary-mucus 
feeding apparatus of corals were they not constantly 
removed by reversing the ciliary feeding currents to 
carry foreign particles to the outer edge of the feed- 
ing disk and drop them off. Some polyps simply 
shake off sand by rising up in their little cups. De- 
spite this steady grooming, rapidly settling sediments 
in shallow waters seriously limit the distribution of 
reef corals by smothering the little settling larvae and 
by making the water too turbid to admit sufficient 
light for the plantlike cells in adult tissues. 

The classification of corals cuts across such differ- 
ences as solitary and colonial habit, distribution over 
the seas, and whether or not the coral is an im- 
portant reef-builder. It is based on the finer structure 
of the skeleton. Since it is not possible here to take 
up the many kinds of corals group by group, we shall 
consider them in two categories which are convenient 
for readers who live on temperate shores and which 
do have real significance in the mode of life of the 
corals. 

Corals Extending into Temperate or Cold Waters 

The solitary cup corals (Plate 23) and the tall 
branching colonies considered here belong to groups 
represented on tropical coral reefs and in deep tropi- 
cal waters, but they are not restricted to such waters, 
and many do best in subtropical or cool seas all 
over the world. Nor are they limited to shallow wa- 
ters, as reef corals are. Delicate branching forms 
that occur at great depths in the tropics, even to 
24,000 feet or more, can be dredged at lesser and 
lesser depths as we move to cooler latitudes. Most of 
these corals do not harbor the plantlike cells that play 
so great a role in the life of reef corals, and they are 
quite negative to light. Where they do not keep to 
deep waters they grow in dim rock pools, on the un- 
dersides of stones, or in the shade of neighboring 
corals on a reef. The yellow, orange, red, brown, 
and black pigments which color the soft tissues of 
many may in bright situations help to screen the 
strong light. 

The little orange-red solitary cup coral, Balano- 
phyllia elegans, is abundant in shaded situations in 
Monterey Bay in California and northward to Puget 
Sound. When the delicate flesh is so tightly con- 
tracted that it forms a mere veil over the hollowed 
cup and its radiating ridges, it measures 14 to of 
an inch across. Fully expanded, the little polyp rises 
much higher than the cup and extends long, tapering 
tran^arent tentacles covered with wartlike batteries 
of stinging cells. On southwestern British shores 
BakmophylUa regia, with bri|^t yellow warts on the 


tentacles, is called “the red and gold star coral.'* 
Close to shore it is rare, but in deeper waters its cups 
are found in great numbers. 

The “Devonshire cup coral,’’ Caryophyllia smithi, 
is found at low-tide mark in southwest England, and 
is often dredged from the continental shelf south of 
Ireland and at all depths in the English Channel, 
where it attaches to rocky outcrops on the soft bot- 
tom. The white or pinkish disk, about Va of an inch 
across, is ringed with chestnut brown around the 
mouth; the transparent tentacles have brown mark- 
ings and silvery white knobbed tips. On the Ameri- 
can Pacific coast Caryophyllia is a shore form in 
Puget Sound, and occurs deeper farther southward. 

A larger fan-shaped solitary coral, Flabellum, is 
common on Mediterranean bottoms alongside Bal- 
anophyllia, and also on deep mud bottoms in the 
Atlantic. A salmon-colored species, about 4 inches 
across, comes up in dredges from Newfoundland to 
Florida. Flabellum is attached when young but later 
may lie loose on the bottom or with the tapeiing 
base imbedded in the mud. 

The “star coral*’ of American coasts is Astrangia, 
which forms small encrusting colonies with closely 
spaced cups. The knobbed tentacles, dotted with 
warts of stinging cells, catch tiny crustaceans and 
even minute fishes. Astrangia danae, with colonies 
usually 2 or 3 inches across, has white or pinkish 
polyps less than Vi of an inch high. It encrusts rocks 
from Cape Cod to Florida. This is a hardy species, 
and when brought in to an aquarium, even after be- 
ing shipped hundreds of miles from the sea, it can be 
maintained for some time on bits of raw meat. A spe- 
cies in southern California, once said to be common 
in pools near La Jolla, was described as orange or 
coral red, with lighter tentacles ending in white 
knobs. 

in deep Atlantic waters the tall, branching colo- 
nial corals that dominate whole areas of the conti- 
nental shelf, especially on its sloping edge, have large 
blossom-like polyps that are widely spaced on the 
shrublike or treelike branches. Dredging reveals 
slopes of the northeastern Atlantic, from six hun- 
dred to six thousand feet, where the bottom is 
covered with open or dense thickets of yellow Madre- 
pora and Lophelia, A species of Lophelia is even 
better known from the deep Norwegian fjords, es- 
pecially Trondheim Fjord, where at about six hun- 
dred feet the rocky bottoms support great banks of 
Lophelia and AmphiheUa, These differ from typi- 
cal coral reefs in that they never come to the surface. 
Also scattered over the continental shelves and slopes 
are great patches of Dendrophyllia, 

All these deep-water branching colonies are en- 
crusted with small solitary corals and with some three 
hundred species of other invertebrates that are fas- 
tened permanently and grasp their food out of the wa- 
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are used in China, Japan, the Malay Archipelago, 
and the Indian Ocean for making bracelets that are 
worn to ward off rheumatism, drowning, and other 
perils. Black corals occur also in the Mediterranean, 
the Red Sea, and the Persian Gulf, but having no 
decorative value they are no longer worked by Euro- 
peans as they were in ancient times. 

THE TUBE ANEMONES 
Like long, slender, muscular burrowing anemones 
are the tube anemones or cerianthids, which live 
buried in sand almost to the feeding disk. The slender 
tentacles arise in two distinct sets — an inner smaller 
set encircling the mouth, and a marginal set, each 
composed of one or more circlets. The body is sur- 
rounded by a tube formed of a hardened slimy se- 
cretion and lined with cast-off stinging capsules or 
imbedded with sa id grains and other foreign parti- 
cles. The feeding disk cannot be retracted into the 
column as in most anemones, but when disturbed it 
disappears down the protecting tube. The Medi- 
terranean Cerianthus is well known to visitors to the 
Naples Aquarium, where fine specimens have been 


on display at least since the 1880’s. In 1882 a small 
green individual was placed in a tank when it was 
only 1 inches long and 2 Vi inches thick. In 1924, 
forty-two years later, it had increased ten times in 
size, and the crown of gracefully extended drooping 
tentacles had a diameter of 10 inches. Species of 
Cerianthus are also common in the English Channel 
(Plate 32) and along the American Atlantic coast. 
A brown species up to 6 inches long occurs from 
Cape Cod to Florida in shallow water. A larger 
northern species, with a rough tube up to 2 feet long, 
housing an anemone that stretches 1 8 inches, occurs 
in deep water from southern New England north- 
ward at least to the Bay of Fundy. On the Ameri- 
can Pacific coast Cerianthus estuari is well known 
from sandy mud fiats (alongside the burrowing and 
true anemone Harenactis ) in Mission Bay. The outer 
set of transparent, delicately banded tentacles is 
spread out on the sand in a circle 4 or 5 inches 
across. A bigger species, which does not live inter- 
tidally north of southern California, may nave a 
tube 6 feel long. Most cerianthids are tropical or sub- 
tropical. 
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CHAPTER IV 



The Comb Jellies 

{Phylum Ctnivplufra) 


O N a smooth stretch of wave- washed sandy 
beach one’s attention is easily caught, even at some 
distance, by little oval bulls of clear jelly that glisten 
in the sun like crystal beads “Cat’s eyes,” fishermen 
on the American Pacific coast call them, and on 
many other shores such stranded comb jellies are 
known as “sea gooseberries” or, in the case of some 
of the slightly larger species, as “sea walnuts ” If 
they are not too far gone the little sea gcx>scbcrries 
will revive in sea water, regain their gossamer loveli- 
ness, and swim about like paddle boats, propelled 
by the rapid beating of eight vertical rows of ciliary 
combs that radiate over the rounded body like the 
lines of longitude on a globe The delicate trans- 
parency of comb jellies makes them all but invisible 
in the water, so that often they reveal themselves 
only in the rippling iridescence of the rows of beating 
combs as they diffract the light. Unless the water is 
smooth as glass they are likely to remain below the 
surface, and even when they coftie within one’s 
reach they slip between the fingers or tear to shreds 
at the touch of an oar. Such diaphanous creatures 
are best gathered by towing a net behind a boat, but 
a few may be dipped up in a small net or container. 

The daytime play of rainbow colors is r^laced at 
night by luminescent waves of an intensity that is 
matched only by some of the deep-sea fishes. On 
summer nights the waters beneath a jutting wharf 
may shine with hundreds of languidly gliding 
comb jellies, which at the slightest di^urbance light 
up along the eight comb rows. Dipped up and taken 
in a jar of sea water to a lighted room, t^ cease to 


glow Then, if the roim Is darkened for at least 
twent) minute % they shine again with a bluish or 
greenish light 

The phvlum oamc. Ctenophora. means “comb* 
bearers.” and the sw^imming paddles are made of 
large cilia that aie fu.sed at the attached end like the 
teeth of a comb l‘h?y are regulated and ccxirdi- 
nated in their movements by a network of nerve cells 
that connect with a tiny sense organ housed in a 
glassy little dome atop the upper pdc, the one oppo- 
site the mouth Presumahl) the sense organ is con- 
cerned with balancing and helps to orient the ani- 
mal as It swims. 

The more primitive comb jellies, like the Ultie sea 
gooseberries, have two long tentacles with which they 
fish for food. At times these are drawn op into 
knotted, stringlike masses, at other timet stroldiad 
far out in graceful sweeping curves, the side 
branches that fringe one ec^ lending a pluniellke 
elegance. The more advanced groups of comb Jdttet 
have only fringes of idiort tentacles or lack flnim d- 
together. When present, the tentacici or thrir side 
branches are thickly studded with vedal Mheaive 
cells, unique to ctenopfioiea and uol to be cofAuMd 
with the thread cgpsules of coeknteralia. Ilhs pio- 
tniding heads of the adhesive crib eiu very 0kkf 
and cling to prey. At their inner ends diey am al- 
tedied to spirally coiled contnctlle BtemesMi that 
yield to the puB of strugglttig Bfuy bui canMt be 
wienched loose. 

This is an eiclusivdjr esarfoe gmm, thoaub aune 
do Bourisb in beyi end esioariet wilh|^ aek eeeiitt 
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amber in color, extends from South Carolina into the 
tropics and in summer is common around Jamaica. 
Its jelly is more rigid than in most, and it can be 
lifted by hand without injury, or readily maintained 
in an aquarium. 

From north of Cape Cod into arctic waters the 
common lobed form is Bolinopsis, also well known 
from Scottish and northern European waters and 
from the cool waters of the American Pacific coast. 

THE CESTIDS 

The cestids (“girdle-like”) are a somewhat sur- 
realistic version of the lobed ctenophores. The body 
is a gelatinous ribbon, greatly flattened and elongated 
in the plane at right angles to that of the mouth and 
sense organ, so that these remain no farther apart 
than in lobed comb jellies. The tentacles are reduced 
to a tuft alongside the mouth and a row of short fila- 
ments along the edge bearing the mouth. They swim 
by graceful undulations of the body as well as by the 
beating of elongated comb rows. The well-known 
“Venus’ girdle,” Cesium veneris, shimmering with 
blue and green iridescence in the sunlight and some- 
times reaching a length of 4V^ feet, easily deserves 
the compliment of its name. The genus Cesium and 
the similar Velamen, both known from the Mediter- 
ranean and limited to warm waters, are represented 
by species that turn up around Florida. 

THE FLATTENED CREEPING 
COMB JELLIES 

The creeping ctenophores are an aberrant flat- 
tened group, often colored on the upper surface in 
dull reds or greens. Most are warm-water forms. 


Ctenoplana, with combs and two tentacles, can creep 
on the bottom but usually floats at the surface off the 
shores of Sumatra, New Guinea, Indochina, and Ja- 
pan. Coeloplana, leaflike and also with two tentacles 
but without combs in the adult, was discovered in 
the Red Sea, is abundant off Japan, and occurs also 
off Florida. It creeps about on particular alcyonar- 
ians. A curious cold-water form, Tjalfiella, also with- 
out combs, is found in Greenland waters creeping 
about on the deep-water pennatulid Vmhellula, Rec- 
ognizing a nearly sessile comb jelly that has no combs 
is a challenge even to the specialist. The affinities of 
Tjalfiella were revealed when little cydippid larvae 
were found in brood pouches on the upper surface. 

Comb Jellies without 

Tentacles {Class Nuda) 

The beroid ctenophores, so called from the name 
of the most important genus, Bercn\ have no traces 
of tentacles, either in adult or larva. They are some- 
what flattened, and are variously described as thim- 
ble-shaped, barrel-like, or mitre-shaped. The many 
fine branches of the digestive canals make a con- 
spicuous and decorative pattern. At the open end is 
a very large mouth, and as the animal propels itself 
about by the beating of its combs, it sucks in sizable 
prey, often comb jellies nearly as large as itself. 
Beroe is thimble-shaped and up to 6 inches long. It 
is found in all seas, and in cold waters is of a delicate 
pink or lavender color. 
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CHAPTER V 



The Flatwomis 

( l*/i\hon l*lalylithninthfs^ 


()nE may easily pass a lifetime without ever see- 
ing u flatworm. The smallest ones arc microscopic, 
and the largest ones, the ribbon-like tapeworms that 
may grow up to 50 feet or more in length, develop 
and pass their adult lives safely hidden within the 
bodies of their human or other vertebrate hosts. They 
arc seen only when they die or arc rudely removed 
by medical treatment. Best known, perhaps, arc the 
Vi -inch planarians used in classroom stud> and in 
zoological research. In nature these live unobtru- 
sively in springs, streams, and ponds, crawling about 
on the vegetation or under stones. After gathering 
wild watercress one may have to rinse out little pla- 
narians. On marine shores the oval and leaflike poly- 
clads, some of them 2 inches long and colorful or 
beautifully striped, may be seen by turning over boul- 
ders or peering into sheltered rock overhangs when 
the tide is out. Tantalizingly hard to And are the land 
planarians of moist temperate woods; by their noc- 
turnal and retiring habits they elude even the serious 
students of flatworms. The occasional land planar- 
ian that turns up in temperate gardens or in green- 
houses is usually an import from tropical lands, 
brought in with exotic plants. 

Yet for all this, free-living flatworms are abundant 
and widespread; while the importance of the para- 
sitic kinds in human history and in modem economic 
and political problems can hardly be exaggerated. 
One kind of parasitic flatworm, the blood fluke Srto- 
tosoma, lives in the blood vessels of more than a hun- 
dred million people. In World War 11 it helped to de- 


termine the ouicome of many military* actions in the 
South Pacilic H«ira.sitic flatworms are still very much 
a pan of the Afilean and Asian pattern of dtseaic, 
low prcxluctivit). and poverty. If the pattern is to be 
broken, the fl.itworin parasites that flourish espe- 
cially - though by pi means entirely — in tropical 
countrie.s will have to he more widely understood and 
coped with. Some things that we think of as profreti 
in mun> countries, such as the building of dams to 
suppl> irrigation canals, lend to increase the spread 
of blood flukes. To understand why, one needs tev 
read the brief account that will be given of the fife 
cycle of such flukes In temperate latitudes Euro- 
peans and Americans, their peih, and their livestock, 
are still subject to infestation with flukes and tape- 
worms, though some of these have been brought un- 
der control. Many people who think of such para- 
sites as occurring only under very unsaniury condi- 
tions have had ''swimmers* itch*' caused by the liml 
flukes that develop in numerous lovely lakes favoiud 
as summer resorts. 

There m three classes of flatwomi. roughly esti- 
mated to include almost nine thousand known spe- 
cies, only a fraction of the number that actttS% exist. 
The first consisu almost entirely of free-tiving little 
worms. The other two classes, Che flukes and the 
tapeworms, are exclusively parasitic and far moie 
numerous. These arc not attractive anlmab to the 
average layman, and when Aristoile became bod- 
nated by the various worms that live in man. he Mt 
obliged to justify his curmity in these fDidi: **Iii d 


[119 


natural objects there is some marvel, and if anyone 
despises the contemplation of lower animals, he must 
despise himself/* From Aristotle's time to our own 
there have always been some minds that feel chal- 
lenged by whatever is unknown, especially if it causes 
vast human suffering. The unraveling of the com- 
plexities of flatworm structure and habit is fortu- 
nately a very active field of modern research. 

Soft-bodied animals that are several to many times 
as long as they are wide are inevitably tagged as 
worms, and this name has been applied to soft, elon- 
gated members of practically every large grouping of 
animals. Of all the kinds of worm-shaped creatures, 
the members of the phylum Platyhelminthes (*'flat 
worms*') are on the whole the most flattened and the 
most primitive. The digestive cavity, when present at 
all, has only one opening, as in the coelenterates. In 
place of the jelly that provides much of the coelen- 
terate bulk, however, flatworms have a solidly cellu- 
lar middle layer, which includes several sets of mus- 
cles and a variety of organs, especially of reproduc- 
tive organs, a specialty of these animals. 

With few exceptions, the flatworms are hermaph- 
roditic — that is, each individual produces both eggs 
and sperms. This does not mean that self-fertilization 
is the rule. On the contrary, most flatworms are en- 
dowed with an amazingly complex set of organs for 
exchanging sperms with their neighbors or chance 
acquaintances and for storing the sperms toward the 
time when their eggs are to be fertilized. The ferti- 
lized eggs, enclosed in delicate capsules or in hard- 
ened shells, are shed to the exterior, and by means 
of adhesive secretions may be strung together in egg 
ribbons or masses or attached singly to stones or other 
objects. Some of the fresh-water flatworms are espe- 
cially noted for their ability to multiply asexually by 
fragmentation or by crosswise rupture of the body. 
This has led to detailed studies of their ability to re- 
generate when experimentally cut into small pieces. 

Beginning with the flatworms, all the groups of 
animals are two-sided or bilaterally symmetrical. Or 
they have some secondary modification of that kind 
of symmetry. Bilateral animals have a front end that 
goes first when the animal moves, and a rear or tail 
end that follows along. They also have differing up- 
per and lower surfaces, and right and left sides that 
mirror each other. Organs that occur singly are usu- 
ally in the mid-line, and paired organs occur on each 
side of the mid-line as in ourselves. This means that 
the flatworms are the first animals with a head. The 
major sense organs are concentrated on the head or 
front end, and most of the animal’s wits are gathered 
into a brain, a concentration of nerve cells in the 
head. Speedier, more coordinated behavior is the re- 
sult, with more rapid responses to prey or enemies 
than in the radial coelenterates. 

The free-living flatworms have a highly developed 


talent for clinging to surfaces, and some fresh-water 
planarians even have well-developed muscular suck- 
ers for holding on. So it is not surprising that flat- 
worms eventually took up parasitic habits and pro- 
duced the formidable array of suckers and hooks by 
which the various flukes and tapeworms maintain 
their tenacious hold on the hosts that nurture them. 


The Free-living 

Flatworms {Class Turhellaria) 

The free-living flatworms are at least partially 
clothed with cilia that propel the smaller forms and 
the young stages of larger members. In water these 
cilia create the turbulence that suggested the name 
of the group. The larger turbellarians, whether 
aquatic or terrestrial, glide along primarily by mus- 
cular waves, though these may be invisible to the 
naked eye. To ease their way, land turbellarians 
must lay down a thick carpet of secreted mucus, over 
which they glide smoothly or sometimes hurry by a 
more energetic series of muscular contractions. Even 
the aquatic forms use a mucous bed, especially over 
rough surfaces. 

Shapes vary from elongated cylindrical worms 
to extremely thin and flattened leaflike marine forms 
that are almost circular. Though a few have tail lobes, 
or little sensory lobes or tentacles on the head, these 
are for the most part streamlined little animals with 
no projections. 

A very few turbellarians are parasitic, and some 
are internal or external commensals that share the 
food of their hosts while doing no serious harm. Most, 
however, are carnivorous, eating tiny animals of suit- 
able size or working away, bit by bit, at large pieces 
of dead flesh or at living sessile animals, such as oys- 
ters or barnacles, that cannot flee. Land planarians 
can subdue insect larvae, snails, or even earthworms. 

Turbellarians are divided into five orders based 
primarily on differences in the form of the digestive 
cavity; this internal distinction ^an often be readily 
seen through the transparent body wall. 

THE ACOELS 

The name “acoel” means “without a cavity,” and 
these minute and delicate worms have no digestive 
cavity. The mouth, usually in the center of the under 
surface, directs the food into the inner mass of cells, 
where it is digested. Acoels are exclusively marine, 
and most of them are elongate or broadly oval and 
measure from to of an inch in length. They 
live so inconspicuously under stones, among algae, 
on muddy bottoms, and sometimes on sandy shores, 
that they are seldom seen by anyone not actively 
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searching them out. Perhaps this is why almost all 
the known species of acoels have been described 
from temperate or arctic Atlantic waters close to the 
haunts of most biologists, or in the Mediterranean or 
other seas that connect with the Atlantic. That part 
of the Atlantic known as the Sargasso Sea is the home 
of Amphiscolops sargassi, which lives on the floating 
sargassum seaweed. Tropical or Pacific species are 
usually drifting forms picked up in nets towed from 
boats. Two shore species are known from Monterey 
Bay, California; but again, this is a base for sharp- 
eyed biologists. 

Most acoels are white or drab in color, but one of 
the most celebrated species, Convoluia roscoffrnsis, 
is a beautiful rich green from the green algal cells 
that pack the elongated body (Plate 36). This spe> 
cies of Convoluta r named for RoscofT. France, the 
little lobster-flil.iiig port where the University of 
Paris maintains the largest of its several marine sta- 
tions. It occurs also on certain sandy beaches in Brit- 
tany and Normandy, always in dense concentrations 
of many thousands or millions of tiny worms. The 
patches look like splashes or streaks of fresh dark 
green paint on the wet sand laid bare by a receding 
tide. Concentrated only where they can be continu- 
ously wetted by rivulets of draining water throughout 
the low-tide period, the worms lie moist and glisten- 
ing, displaying their green cells to the sun. Then as 
the tide returns and the first waves roll in, the green 
patches erase themselves in an instant. The worms 
sense the distant wave shock and dig rapidly below 
the surface. Twice in twenty-four hours, in rhythm 
with the tides, the worms rise to the surface and later 
sink below, keeping beyond the reach of pounding 
waves yet providing exposure to light for the green 
cells. 

The young convolutas are white, like most acoels, 
but soon they become infected with green cells, which 
appear to be derived from little green flagellates that 
may also be found living free in the sand. At first the 
convolutas continue to feed voraciously on small or- 
ganisms, and the plant-animal bond seems no differ- 
ent from what we saw earlier in protozoans and coel- 
enterates. The photosynthetic cells utilize gaseous 
and especially nitrogenous animal wastes, and this 
benefits the animal also by speeding its chemical 
turnover. As the convolutas mature something hap- 
pens that suggests the relationship has become un- 
balanced. The worms stop feeding and begin to di- 
gest the green cells, eventually dooming both part- 
ners, though not before the convolutas have laid 
eggs in the sand and ensured a new generation. 

Many acoels have no eyes and depend on general 
sensitivity of the body to light; some have on the 
head two pigmented spots that overlie nervous tissue 
sensitive to light. Convoluta roscoffensis has two such 
orange-pignmited eyes, and between them lies an 


otocyst, a tiny balandng organ like those teen In 
many coelemeraies. It shows as a goMao doc in the 
center of the head on several of the worma in 
Plate 36. 

THE RHABDOCOELS 

A straight and unbranched dipeatlw cavity distin- 
guishes the little rhabdcKoels (**rodUke cavity**), and 
it can be readily discerned through the transparent 
and usually colorless ciody wall. These art very small 
worms, microscopic or in most cases measuring leu 
than >'4 of an inch Of ekmgate shape, they may be 
plump or slender, and usually are clolhed with short 
cilia. Most have a pair of pigmented eyes at the head 
end. Rhabdocoels art common in all fresh waters and 
on marine shores, especially on sandy or muddy bot- 
toms. A few arc restricted to caves or hot springs or 
manage to five in moist places on land MkroMUmum 
occurs in both fresh and salt waters. A fresh-water 
species common in the eastern Untied States and in 
Europe is known for its armory of stinging cells, ob- 
tained from the hydras on which it fe^s When 
Mwrostomum undergoes asexual division of the body 
the parts do not separate at once, so that after several 
successive divisions there results a chain of connected 
subindividuals, each with its own mouth. 

Formerly lumped with the rhabdocoels are the 
similar, though generally a little larger, alleocoeb. 
These are now placed in a separate ordiu'. 

THE TRKLADS OR PLANARIANS 

Called tnclads from their **three*branched** diges- 
tive cavity, or planarians because they are usually 
'level** or flattened, this group of flalworms is the 
most familiar because of the extensive use to which 
certain fresh-water species have been put in leaching 
and in research, as was mentioned earlier Especially 
when the thin body wall is unpigmented, one may be 
able to sec the three main branches of the digestive 
cavity, each with numerous tide branches. From a 
point not far from the middle of the body, one main 
trunk extends forward into the head, and the other 
two extend backward on either side of the eloiignted 
body, which tapers to the rear. The mouth is on the 
under surface, near the middle of the body« end 
through the mouth iriclads can protrude a loog» mus- 
cular feeding tube or pharynx. 

The fresh-water planarians, Che marine ones, and 
those that live in moist places on land, belong to dtf- 
ferent suborders. Sudi correspondence beCweeci hab- 
itat and classification, were it more gsneral* would 
greatly simplify the text of a book wuA as this one. 
Unfortunately it is very unusual among animals, as is 
pointed out 1^ Libbie Hyman, the Ameriean anlher- 
ity on flatworras, in that votume of her TVanriar tm 
invertebratei that deab exbanstivriy with the fomf. 

Fresh-water planarians favor t e n n yr am wamn 
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Since fish are commonly eaten raw in the countries 
where Opisthorchis occurs, the young flukes emerge 
unharmed into the human intestine, make their way 
up the bile duct to the smaller bile passages, there at- 
tach by their suckers, and feed on blood. 

Another well-known liver fluke is Fasciola hepat- 
tea, whose cercarias leave the snail host and encyst 
on grasses and other vegetation in nearly all parts of 
the world. It thrives best in the dense concentra- 
tions of hosts provided by man’s herding of cattle, 
sheep, and goats, and it may also be found in pigs, 
horses, and many wild animals. In some countries it 
finds its way into man by means of cercarias that 
cling to wild watercress. 

Far more serious as a human problem is the blood 
fluke, Schistosoma, referred to in the introductory 
part of this chapter. A member of one of the several 
families of elongated flukes that live in the blood ves- 
sels of fishes, turtles, birds, and mammals. Schisto- 
soma differs from the liver flukes not only in shape 
but in some other ways. For one thing, this fluke oc- 
curs as separate males and females, and the sides of 
the male fold over to form a groove in which the even 
longer and more slender female is held. Three wide- 
spread species debilitate an estimated 114,000,000 
people. Schistosoma haematobium infects primarily 
the small veins of the urinary system and is found in 
much of Africa, the Middle East, and part of Portugal. 
Schistosoma mansoni, which occupies small intestinal 
veins, spreads misery in most of Africa, in South 
America from Brazil to Venezuela, and in some of 
the West Indies. Schistosoma japonicum, also a para- 
site of intestinal veins, accounts for an estimated 
46,000,000 cases in Japan, China, the Celebes, and 
some of the Philippine islands. 

For each of the three species of flukes there are 
particular species of fresh-water snails that serve as 
hosts to the larval stages. The fork-tailed cercarias 
that emerge from the snail burrow through human 
skin or are taken in with drinking water. Wherever 
schistosomes that infect man are prevalent it is haz- 
ardous to drink untreated water, or to bathe, wade 
in, or dip the arms in fresh waters. Millions of Chi- 
nese and Japanese become infected during the plant- 
ing of rice as they stand bare-legged in flooded rice 
fields. In recent years the extension of irrigation sys- 
tems in Africa and in the Near East has steadily mul- 
tiplied the habitats for fresh-water snails, speeding 
the increase of this serious disease despite many con- 
trol measures. 

The temperate and more sanitary parts of the 
world are not free of blood flukes, for wherever suit- 
able snail hosts occur, there may be swimming cer- 
carias of some kind of schistosome. The adults often 
live in wild birds, especially ducks. Though the cer- 
carias of bird schistosomes do not reach the human 
liver, their penetration of the skin causes a skin irri- 


tation known as “swimmer’s itch.” Repeated expo- 
sures may so sensitize an individual that he becomes 
prostrate and develops a severe rash. Swimmer’s itch 
is especially serious in certain lakes in the north- 
central United States, but many other fresh-water 
and marine shores are affected. Chandler’s Intro- 
duction to Parasitology lists as victims of swimmer’s 
itch: vacationers in Quebec and New England west 
to Manitoba and Oregon, carp-breeders in Ger- 
many, rice-growers in Japan and Malaya, lake bath- 
ers in Australia and New Zealand — also sea bathers 
and clam-diggers on the American North Atlantic 
and Florida coasts, fishermen in San Salvador, and 
naturalists on the rocky shores of southern California 
and Mexico. Wherever bathers are aware of this an- 
noyance they should wipe the skin dry immediately 
after leaving the water, and should avoid getting al- 
ternately wet and dry by playing in shallow water. 

The Tapeworms (Clwfs Cestoda) 

The cestodes, named from the Greek word for 
“girdle” or “ribbon,” are mostly long, flattened, 
opaque white or yellowish ribbon-like parasites. The 
adults live inside vertebrates, almost always in the 
intestine, but the larval stages develop in either ver- 
tebrate or invertebrate hosts. The life cycle is com- 
plex, involving one or two intermediate hosts in ad- 
dition to the vertebrate “final host” that nurtures the 
adult. 

Aside from the enormous length, 50 feet or more, 
attained by some tapeworms, their most notable fea- 
ture is a complete lack of a mouth or any digestive 
apparatus. The body is covered with a protective 
cuticle, as in flukes, and the worms absorb much of 
their nutrition directly through the body wall from 
the intestinal contents of the host. 

The scolex is a very small knob at the narrow or 
front end of the long body, and it bears the only or- 
gans of attachment. These may be suckers, hooks, or 
sometimes glandular adhesive areas. Behind the sco- 
lex there is usually a short, narrow, undivided neck 
region or growing region, and from this there is a 
constant budding off of body 'segments. Those closest 
to the neck are smallest and youngest, those farthest 
away the largest and most mature. Thus the chain of 
segments represents every stage of development, and 
widens gradually along the body’s length. 

Tapeworms have no specialized sense organs, not 
even the poor ones seen in turbellarians and in some 
flukes, though the body wall, especially that of the 
scolex, is well supplied with sensory cells. These 
worms are all business, and their energies are chan- 
neled into a prodigious reproductive effort which in- 
sures that a sufficient number of the young will find 
new hosts and keep the species going. 
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two intermediate hosts. The eggs must reach water 
and must be eaten by copepods (tiny crustaceans), 
which in turn must be eaten by one of a variety of 
fishes. In the Great Lakes region northern pike and 
pickerel are most commonly infected, as are also the 
sauger and yellow perch. Since this region ships great 
quantities of fish to other localities, the tapeworm has 
been widely spread. One should therefore not taste 
raw lake fish during food preparations, or eat smoked 
fish from infected regions unless it is known to be 
adequately treated. 

Common in the great cattle- and sheep-raising re- 
gions of the world, especially in Africa, the Middle 
East, Australia, and South America, is Echinococcus 
granulosus, which passes its adult life in dogs and 
doglike animals but usually develops as a larva in 
herbivorous animals. The eggs may be passed by the 
lickings of a f^endly dog to the hands and face of 
man, from where they can reach his mouth. Though 
the adult is minute in this case, the larva (developing 


into what is called a hydatid cyst) can grow, in the 
human liver, to the size of a grapefruit or larger. 
When one or more of these cysts develops in the hu- 
man brain, the results can be very serious or fatal. 

The dwarf mouse tapeworm, Hymenolepis nana, 
is the smallest adult tapeworm found in man, but it 
makes up for its small size by large numbers, perhaps 
hundreds or thousands in one person. The greater the 
number present, however, the smaller they grow, so 
that in heavy infestations they are only about 1 inch 
long. World-wide in distribution, this is the common- 
est tapeworm of the southern United States, where it 
infects from 1 to 2 per cent of the population, espe- 
cially children. Though different from almost all 
other tapeworms in being able to complete its life 
cycle in a single host, such as man, the rat, or the 
mouse, it can revert to ancestral habits and use fleas 
or flour beetles as intermediate hosts. Usually people 
ingest the eggs by contamination with human feces 
or in food containing mouse droppings. 
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CHAPTER VI 



The Ribbon Worms 

(Phylum Xemrrtea) 


T 

XHE smallest of these soft, elongated, mostly ma- 
rine worms may be threadlike and only a fraction of 
an inch long. The giants of the group, however, are 
the longest, though certainly not among the largest, 
of invertebrates. Exactly how long it is difficult to say, 
for all the ribbon worms are highly clastic, and the 
really long ones stretch out, threadlike, for yards 
and yards — some say much more than 30 yards in 
Lineus longissimus, the blackish brown worm of the 
North Sea. The English call it the “bootlace worm.” 
Modest length, not more than about 8 inches, is more 
usual. The body may be cylindrical, as in Lineus, 
though more often flattened on both sides or flattened 
below and convex above. 

Bright colorings of orange, red, purple, or green, 
these mostly on the upper surfaces, may betray the 
worms to the eyes of naturalists scanning rocky crev- 
ices or overturned stones at low tide. More often the 
colors blend with red or green algae or other colorful 
growths among which the worms live. To find small 
nemerteans, collectors place masses of seaweed or of 
biyozoan colonies that resemble delicate seaweed in 
dishes of sea water and let the small worms cre^ 
out on the walls of the dishes, where they can easily 
be seen. Some worms are white or yellowish, others 
somber grays or browns, but many are handsomely 
patterned with strongly contrasting rings or longitu- 
dinal stripes or both. The front end is not set off as 


a distinct head, though the tip may be expanded and 
have colored markingN, several or numerous eyes, 
and sensory grooves, ^hk;h make it look superfi- 
cially like a head. Tht rear end is more or leas 
pointed. 

Another common name, proboscis worm, lem 
widely used, calls attention to the most distinctive 
feature of nemerteans This is a long, extensible, tu- 
bular proboscis that can be shot out the front end 
with explosive force to grasp prey or discourage ene- 
mies. llie proboscis coils about the prey, hokting it 
firmly and entangling it in sticky mucus which may 
be irritating or even poisonous, llie proboscis is also 
everted as a device for burrowing m sand or mud or 
for attaching to objecu as an aid in creeping dbout. 
It can be made to evert by briuting the aniinal, ^ 
plunging it into fresh water, or by pbcing it in a tnMB 
dish of sea water and cautiously a^ing alooiioi, drop 
by drop. The accurate aim of the prcmoscis receives 
recognition in the technical name of the pl^liim, 
Nemertea, from a Greek word that means ^enerr- 
ing.“ In some of the commonest worms the tip of 
proboscis n armed with a sharp spHm or styim, whM 
pieim the prey, sometimes several timas, before a 
toxic secretion is poured on. Worms may have two 
or more pouches with a reserve supply of styh^ so 
that repiMeinent can be made qui^ if the inahi 
one is damagsd When not in use the |wiboa c li b 
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CHAPTER VII 


A Variety of Animal Groups 


In the animal kingdom are a number of small 
groups whose members have charms for people with 
the most observant eves or a special curiosity and per- 
sistence for sc ag out animals of small size, few 
species, or unobtrusive habits. 

All of these descriptions apply to members of the 
phylum Mesozoa. They are minute ciliated worms 
found living as parasites in the kidneys of squids and 
octopuses, clinging to the walls of tubes while their 
elongate tK>dies float freely in the urine. Mesozoans 
parasitize many other invertebrates, finding homes 
in the tissues and body cavities. Their habits remind 
us of protozoans, but their bodies arc multicellular — 
more like the two-layered little planula larvae of 
coelenterates. It is tempting to think of mesozoans as 
being transitional between these groups, and this 
temptation has led to the phylum name. Probably 
they are degenerate in their simplicity, degraded by 
parasitism, but they still appear to be the simplest of 
multicellular animals — simpler than any flatworm 
or coelenterate. 

Quite another kind of group is the Phylum Ncma- 
toda, enormously abundant, and with great numbers 
of species, and boasting among its members some of 
man's most loyal companions, though they can 
hardly be called friends. Nematodes arc included 
here only because they arc thought to be relat^ to 
five of the small groups that follow them immediately 
in this chapter. The six groups arc often lumped to- 
gether as six classes of a superphylum, Aschclmin- 
thes, but the evidences for doing this, or for separat- 
ing the six from certain other phyla in this chapter, 
are too technical to be given here. Instead, each 
group is awarded separate status as a phylum with 
a distinct body plan. 

The Roundworms 

{Phylum NenuUada} 

The cost of minimizing one’s enemies alwaj^ runs 
high, and we are now paying dearly for having to 
long underestimated the prevalence and powers of 


roundworms. The big aicarids that live in the human 
intestine were well known to the ancient Egyptians, 
as one cati hardly ignore a loot-long worm that slips 
out with excrement when it dies, or one that may go 
a'^truy and suddenly emerge from a nostril In our 
own day ascarkJs are widespread in the world, in- 
cluding Europe and the Americas, especially in 
warm, moist areas. In the mountainous parts of the 
southeustern United Stales, clay soil, a mild, rainy 
climate, dense shade, and the habits of small chil- 
dren. dogs, and pigs combine to spread and protect 
Axi'am eggs in the dooryards where children play, 
and from whc<T they carry the eggs into their homes 
In hot. dry climates, especially from Arabia to India, 
the 4-f4x>t guinea worms that lie coiled under the 
surface of the skin are even harder to overlook. Very 
likely these arc the same as the **flery serpents” that 
plagued the Israelites in biblical times. 

Every species of virtebrate that is examined turns 
out to harbor nematode parasites, and there are two 
billion estimated cases of human infection, not much 
less than the toul number of people in the world. 
Roundworms as huge as ascarids and guinea worms 
are very exceptional, but parasitic forms are gena- 
ally larger than the free-living ones. These lost are 
much more numerous and barely visible to tbe naked 
eye. Magnified, they look like animated Mu of flue 
sewing thread, hence the phylum name, Nematoda, 
which means 'Threadlike.” Free-living roundworms 
are inconceivably abundant in moist loib. preaent 
even in deserts and on mountain lops, common in all 
fresh waters, found in hoi springs and arctic ioa pools, 
living in every sea from p^ to pole. Yet smaB ate 
and transparency kepi them unseen unto after the 
discovery of the microscope. They And their own 
food, steadily devouring bacteria or smnO animais 
and plants of soil and water. Their teemh|| nomhers 
and their versatility were noted by nineieeotli-een* 
lory zoologisu. 

In 1881 a German investigator, aeeking to And 
out why sugar beets, a maimuiy of German agrtool- 
ture, seemed suddenly ”to the^ of any aoB in wUch 
they had grown for many tueoessive yaara^ traced the 
trouble to paratitk ^eetworma.** At IM Che siiidly of 
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soil nematodes parasitic in plants grew very slowly. 
Beginning in the 1940's, however, Western countries 
have been greatly stepping up their efforts at nema- 
tode research, having suddenly begun to appreciate 
the ways in which modern farming methods have in- 
tensified the competition between man and the nem- 
atodes for large agricultural crops. Parasites are usu- 
ally highly specialized, able to live on only one or a 
few closely related species of host, so that originally 
soil nematodes found their wild plant host sparse and 
widely scattered. Then man discovered agriculture 
— how to grow edible plants in such dense concen- 
trations as to make it worth while for the big human 
animal to feed on even the smallest grains. 



Nematode head with hooks (top) 
and whole worm 


The nematode threat must have grown slowly 
through the centuries, until recent methods for plant- 
ing vast acreages to the same crop, and the explosive 
expansion of the human species, created unlimited 
horizons for nematode hangers-on. Though round- 
worms parasitic in man share only a small part of his 
food after he digests it, the soil nematodes parasitic 
in plants take more than a tenth of the crops grown 
by American farmers, for example, even before the 
harvest. The damage in the United States is estimated 
at $500,000,000 each year; in Great Britain the an- 
nual loss of potatoes ^one is judged to cost about 
£2,000,000. Since the worms increase with the years 
and with crop size, the best remedy is crop rotation 
to deny the nematodes access to their host. Much of 
what was in the past attributed to soil exhaustion, to 
be cured by crop rotation, was in reality nematode 
damage, especially by those nematodes that pierce 
plant roots and suck the juices. The plant symptoms 
are wilting, stunted gro^, leaf discoloration, and 
root swellings or galls — none of these specific to nem- 
atode infestation or always easy to tell from losses 
due to drought or a lack of soil nutrients. Our con- 
centration on methods for treating these last prob- 


lems has delayed appreciation of the role of parasitic 
worms. 

Lists of animal numbers usually credit the nema- 
todes with about ten thousand known species. The 
true number of existing species is estimated to be 
about five hundred thousand — second only to the in- 
sects. The discrepancy is easily explained. The larger 
number takes into account all the as yet unexamined 
but highly specialized parasites of many thousands 
of vertebrates, invertebrates, and plants, plus all the 
free-living forms, judged to outnumber the parasites. 
Nematodes are typically minute, cylindrical, tapered 
at both ends, covered with a tough cuticle that is 
transparent or translucent; they usually thrash about 
in a way that immediately identifies them to the eye, 
and they look so much alike, even under the micro- 
scope, that the job of distinguishing and naming so 
many superficially similar species makes even the 
experts stand back. 

Nematodes used to be studied either as parasites 
or as free-living worms, and students of one group 
often paid scant attention to the other. Since the hab- 
its of nematodes, like those of most animals, do not 
necessarily correspond to the evolutionary relation- 
ships on which classification must rest, the grouping 
of these worms has had recently to undergo exten- 
sive repairs in order to combine the two kinds of 
worms. For details one may refer to Volume III of 
the treatise by Hyman, to the specialized volumes 
on nematodes by the Chitwoods, or to Chandler's 
very readable text on parasitology. Here we shall 
merely present some points about roundworms in 
general and then go on to discuss a few kinds of 
worms of special interest. 

Nematodes occur in two general forms. The really 
long, threadlike ones, that have hardly any taper, 
are greatly outnumbered by the shorter spindle- 
shaped forms, which taper markedly to blunt or slen- 
der tips, the rear end often the more tapering and 
pointed. Especially in the minute forms, the animal 
is colorless and the cuticle is transparent, putting the 
internal organs on full display. Or the cuticle is trans- 
lucent and lends a whitish or yellowish cast. There 
are no cilia, outside or in, and in parasitic forms the 
cuticle is often very smooth; but it may be finely 
striated, or bear bristles, spines, ridges, or other 
inarkings and expansions. The mouth is at the front 
tip, surrounded by little sensory lips, which may also 
be muscular and used in sucking. Just inside the 
mouth there may be cutting ridges, teeth, or piercing 
stylets for puncturing plant or animal prey. Beyond 
these there is usually a short muscular pharynx that 
sucks food into the intestine. The sexes are almost al- 
ways separate; and the smaller male bears special 
equipment at his slightly curved rear end. The stiff 
cuticle and the lack of any but lengthwise muscles 
permit only serpentine undulations for swimming or 
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The parasitic soil nematodes, referred to near the 
beginning of this chapter, spend the active part of 
their lives in plant hosts, but many have inert cysts 
that have been known to survive in soil for many 
years, one as long as thirty-nine years. Attempts to 
control their depredations range from crop rotation 
to chemical fumigation, flooding of the soil, or en- 
couraging the growth of fungi that trap nematodes. 
None of these methods is completely successful. The 
sugar beet eelworm, Heterodera schachtii, referred 
to earlier as the first nematode known to infest crops, 
is restricted to the roots of a few plant species. The 
potato-root eelworm, Heterodera rostochiensis, also 
attacks tomatoes, and it causes great losses from Ire- 
land and Great Britain to Germany and most of west- 
ern Europe except Norway. The root-knot nema- 
todes, said to be a number of distinct species of the 
genus Meloidogyne, infect nearly a thousand varie- 
ties of plants, at least seventy-five of them garden 
and field crops, fruit and shade trees. These are 
mostly warm-climate nematodes, but under glass 
they flourish anywhere. In England they do great 
damage to tomatoes and cucumbers in commercial 
greenhouses unless controlled by steam sterilization, 
an effective method where the soil used is limited in 
quantity. 

Man's struggle with parasitic roundworms was re- 
corded about 1550 b.c. in the Ebers Papyrus, named 
for the archaeologist who made the first translation. 
Found in 1872 in a tomb in the Nile valley near 
Thebes, the papyrus is a collection of remedies 
against the various diseases that harassed the ancient 
Egyptians. To ''expel the roundworm in his belly," it 
advises the physician to try thirty-two different reci- 
pes, with ingredients ranging from pomegranate roots 
and red ochre to turpentine and goose fat. Old Chi- 
nese writings, one from 217 a.d., speak of "the long 
worm,” 5 to 6 inches or up to 1 foot in length. The 
size and symptoms are those of A scar is lumbricoides, 
which may even reach 14 inches. It is thought that 
man picked up this long-time companion when he 
started to domesticate pigs, and in the process also 
domesticated his own human strain of worms. The 
ones that attack man and pig look identical, but they 
do not readily exchange hosts. Nevertheless, both 
pigs and dogs ingest the eggs of the human parasite 
and help to spread them about to small children play- 
ing outdoors. Prevention of infection with Ascaris 
eggs must begin with sanitary disposal of human fe- 
ces and with teaching young children to wash their 
hands before eating. Even in parts of the world 
where human feces are used as fertilizer to grow 
leafy vegetables, the most important source of in- 
fection is direct contamination through the hands. 
Thou^ a female Ascaris may lay 200,000 eggs daily, 
many hazards beset the eggs: drying, too high or too 
low temperatures, and the sanitary plumbing or 


sometimes cleanly habits of men. When the shelled 
eggs do find their way back to the mouth, they al- 
ready contain young larvae, and these hatch in the 
intestine, burrow into blood vessels, and are carried 
to liver, heart, and lungs. In the lungs they take hold, 
make their way back to the trachea and throat, and 
down to the intestine again, this time arriving with 
size and health improved by travel. They bite the 
intestinal wall, sucking in tissue juices, and also tak- 
ing the digested food of the host. Most of the really 
serious damage is done by the young worms as they 
travel, but even the adult is a very unreliable para- 
site. It may puncture the intestinal wall or wander 
up the bile duct, with fatal results. 

The trichina worm, Trichinella spiralis, is much 
less widespread in the world, and almost entirely ab- 
sent from the tropical regions that have more than 
their share of other parasitic worms. In arctic regions 
it is common among Eskimos, and it does occur to 
some extent in Mexico and temperate South Amer- 
ica. But chiefly it is a parasite of Europe and the 
United States, where it is encouraged in its efforts to 
keep going by the habit of feeding garbage, which 
usually contains pork scraps, to pigs. Wherever gar- 
bage is fed to pigs as a method of disposal in larger 
American cities, the incidence of trichinosis is high. 
In the United States this applies chiefly to the North 
Atlantic seaboard and to California. Many of the 
most serious cases are concentrated among people 
who enjoy various kinds of raw sausage and who 
make it themselves from a single but highly infected 
hog. Most infections are due to eating raw or under- 
done pork, occasionally bear or walrus meat. In the 
United States fewer than six hundred clinical cases a 
year are clearly diagnosed, and of these less than 5 per 
cent are fatal. But many serious infections are mis- 
takenly said to be intestinal flu, food poisoning, or 
typhoid fever. Since the estimated incidence in the 
United States, as determined from examination of 
the diaphragm at autopsy, ranges from 5 per cent in 
New Orleans to more than 27 per cent of the people 
in some northern and western cities, the vast major- 
ity of cases must go undetected or end in medical 
statistics as "psychosomatic” or other illness. Perhaps 
the milder symptoms of trichida worm infection are 
simply less severe than the weakness, diarrhea, ab- 
dominal pains, nausea, fever, puffy eyes, and ex- 
treme muscular pains that characterize fatal attacks. 
The adult trichina worm is a tiny intestinal parasite, 
but serious or fatal results are attributable to the 
even smaller larval worms as they burrow throu^ 
the intestinal wall and enter lymph or blood ves- 
sels, become distributed about the body, then bur- 
row through every tissue or organ to settle down in 
striated muscle tissue. There they grow to be of 
an inch long, ten times their larval burrowing size. 
They become sexually differentiated, roll into a spi- 
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plunged into cold water, as in laundering or in dip- 
ping up water from wells or village ponds. The tiny 
worms swim about until they perish or are swallowed 
by a second host, a species of Cyclops, a tiny crus- 
tacean. When drinking water is dipped up (often by 
the same individuals who infect the water by stand- 
ing in it as they lower their buckets) it contains in- 
fected crustaceans that harbor larval worms. Rede- 
signing wells and filtering water could eliminate this 
disease, but in India religious traditions that surround 
the ways of obtaining and using water have made 
change slow. 

More than fifty species of roundworms parasitize 
man occasionally, but only about a dozen are impor- 
tant human parasites. Five have already been men- 
tioned. Some others are the subtropical and tropical 
filarial worms that cause elephantiasis; the African 
eye worm, Loa loa; and the world-wide whipworm, 
Trichuris trichiura, which usually lives in the large 
intestine, causing symptoms ranging from abdom- 
inal pain to severe emaciation and prolapse of the 
rectum. 

The one roundworm most likely to have parasit- 
ized readers of this book is the pin worm (seatworm 
or threadworm) Enterohius vermicularis, found all 
over the world, but rare in the tropics. It flourishes 
in Europe, where even the cleanly Dutch children 
are said to be 100 per cent infected, and in North 
America, where sample surveys show that 30 to 60 
per cent of white children in Canadian and Ameri- 
can cities have pinworms. Negroes are less suscep- 
tible, and in Washington, D.C., Negro children have 
an incidence of only 16 per cent, compared with 40 
per cent for white children. These are little white 
worms, the females up to Vi of an inch long, that 
live in the cecum, appendix, and adjacent parts of 
the large intestine. When the females are full of eggs 
they migrate to the rectum and lay their eggs around 
the anal opening. Their movements cause intense 
itching, often sleeplessness and nervousness. Scratch- 
ing of the anus, and liberation of the eggs into the 
air and onto sheets and clothing, spreads the eggs 
about so effectively that in some households and in- 
stitutions eggs can be taken from almost any surface 
or object. It is easy to imagine how the eggs reach the 
mouths of adults, but more especially of children, in 
such places. For this worm, treatment is easier than 
prevention. 


The Rotifers {Phylum Rolifera) 

One of the most fascinating, and busiest, of sights 
is a drop of pond water magnified to reveal a field of 
feeding, crawling, and swimming rotifers. These in- 
tensdy animated microscopic creatures occur in a 


great variety of fantastic shapes and handsome sur- 
face sculpturings. Their greatest attractions, how- 
ever, are their incessant external activity and a trans- 
parency that displays the lively inside workings as 
might a glass model. 

After the bewilderment induced by a first glimpse 
of a vivacious rotifer, attention centers on an eye- 
catching piece of gadgetry at the front end, the co- 
rona or “crown,” used for both feeding and swim- 
ming. It includes the mouth and the more or less ex- 
panded area of delicate ciliated skin surrounding or 
close to the mouth. In the hunting rotifers, which go 
forth in search of food, swimming or gliding through 
food-laden water, the corona is external and often 
convex. In many species which live permanently 
fixed by a long stalk, or in those which attach tem- 
porarily while feeding, the coronal lobes may be 
protruded from the mouth during feeding, then re- 
tracted. Some of the large and beautiful stationary 
rotifers have a lobed and funnel-shaped corona with 
long bristles that prevent escape of the prey when 
the lobes of the funnel close down on some small ani- 
mal that happens to enter. 

The most familiar rotifers of fresh waters are the 
bdelloid (“lecchlike”) rotifers, elongate little ani- 
mals that creep in leechlike or inch-worm fashion on 
the bottom or on plants. Bdelloids typically have a 
corona consisting of two elevated disks, and these 
propel the animals on brief excursions through the 
water. The large fused cilia that fringe the two coro- 
nal disks beat in such a way as to create the illusion 
of two rotating cogged wheels. These were the first 
rotifers discovered by the early microscopists, so that 
long before the illusory matter was finally cleared 
up, all the microscopic creatures with expanded 
crowns of cilia at the front end had been named 
“wheel animalcules.” The formal name of the phy- 
lum, Rotifera, means “wheel-bearers.” 

Rotifer shapes may be wormlike, as in bdelloid 
rotifers; flower-like, as in the sessile forms that have 
great expanded coronas; or rotund, as in the rotifers 
that float freely in open water. The common fresh- 
water bdelloid rotifer, Philodina, has an elongate 
body distinguishable into a corona-bearing head, a 
central region or trunk, and a -tapering foot region. 
At the end of the foot are two pointed projections 
called “toes,” and from each of these open cement 
glands that secrete a sticky substance by which the 
animal anchors temporarily while feeding. The toes 
are also of use in creeping about, as the flexible body 
alternately lengthens and takes hold by the front end, 
then contracts and fastens by the toes. The whole 
body is enclosed in a flexible cuticle which is folded 
into sections that telescope into each other when the 
animal contracts. In some rotifers the cuticle of the 
trunk region is hardened into an armored case or 
lorica, either smooth or ornamented with grooves or 
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spines. One or more eyes may be seen on the front 
end as red flecks. 

From the mouth the digestive tube leads promptly 
to a gizzard-like swelling, the mastax, which has 
powerfully muscled hard jaws. Through the trans- 
parent wall the toothed jaws of the mastax can be 
seen grinding away at the food that is swept down 
the mouth. In some species the jaws are long and 
slender, forming a kind of forceps that can he ex- 
tended through the mouth to grasp prey. 

The tiniest rotifers are not nearly as small as the 
smallest protozoans, but members of both groups are 
generally of comparable size, and the largest rotifers 
are only about ' of an inch long, not as long as the 
giant fresh-water protozoan, Spirostomum. Little 
wonder, then, that the early microscopists confused 
the many-cellcd rotifers with ciliated protozoans, for 
the two groups « similar in many superficial ways 
and resemble each other even more in habits. Like 
ciliated protozoans, the rotifers swim in spiral fash- 
ion, attach to vegetation and feed by ciliary currents, 
often live in cases attached to water plants, and have 
a cosmopolitan distribution. Geography means noth- 
ing to animals so small that they can be swept along 
in the feeblest movements of water — and so resistant 
to drying, either as dormant eggs or as desiccated 
adults, that they can be carried about by winds and 
on the feet of birds. After months or even years in 
the inert state, some rotifers can again spring into 
activity at the first wetting. If condittons are the 
same, a lake in Germany, or for that matter one in 
China or in South Africa, will have the same ipecies 
of rotifers as one in the United States. Relatively few 
species are restricted to special conditions, as are 
those found only in highly alkaline lakes in the west- 
ern United States, or those that live attached to par- 
ticular species of aquatic plants. 

Basically, however, protozoans and rotifers arc 
very different, for the latter arc composed of the 
equivalent of a large number of extremely small 
cells. The cell membranes present in the embryo 
mostly disappear in the adult, leaving tissues that 
are protoplasmic masses with numbers of nuclei. 
Each of the nuclei occupies a definite position, and 
through the transparent body wall they can be seen 
and counted. The number of cells of a late embryo, 
or the number of nuclei of an adult, is constant for 
any species — usually between nine hundred and one 
thousand. In their cell or nuclear constancy rotifers 
are almost unique among multicellular animals, 
though this phenomenon d^ occur to a Icswr ex- 
tent in a few other phyla. The rotifer body is of a 
structural grade that includes several complete sys- 
tems of organs, some of them more complex than 
those of the flatworms, some less so. 

No large grouping of animals is more partial to 
fresh waters than are the rotifers. Of some seventeen 


hundied described spcdai. oidy about My ai» laid 
to occur solely or mottly in the aei, thoufh coomsoo 
fresh-water species art often carried iaio bnadkldi 
or salt waters and maniie to survive there. Of the 
marine forms nearly aU live on shore bottomi. Oetly 
two species have been mo afloat in mid^Atiaiitic. 
The frtsh-wattr rotifen also tfay ckoe to ehoie, 
about 75 per cent of them living on the bottom or on 
plants at the edges of lakes and ponds. Not more 
than about a hundred species ait fredy floiting 
types, completel) indepen^ni of any firm nibttrate. 

A few rotifers li\t on the external surfaces of other 
animals, as on the gilb of crustaceans. Among the 
para.Mtic ipecies are panutiia and ^jro- 

mtfrpha lo/iYjrntiffl, which enter cokmies of the co- 
lonial piotozoan Fn/voji. living and breeding within 
the spherical colonies and feeding on the members. 
Prilophaga- parasitizes fresh-water annelids, and 
there are rotifers parasitic on proioioam, hydroidi, 
pond snails, and planu. 



Though many bdtlloid rotifers are fidly aquatk* 
this group is the one most chancicristic of Hehens 
and mosses. Their almost mcmifible capneity to sur— 
vive when leemingly u tky M dun pnriiebn fwaUti 
them to live even in Mich i iHenn te afly plaeM 
a rain gutiew and cemetefynnw, m o m coveted twill 
or roofk, glacien, raeke. ud the bofk of tiCM. !Sy> 
ing mittt occur fmdually, ai it doc* in Ac cioviCM 
of fflOH, and the mtifer wUMbuwt iolo the cooMI 
trunk t^km, puekcriflf the too end! ihnt. The tadljr 
ihrinka ^ Ion of water and becooM nod 1 


wrinkled. In the desiccated state rotifers in moss usu- 
ally survive three or four years, in one presumably 
reliable case as long as twenty-seven years. When 
wet again they return to normal activity in from ten 
minutes to a day. 

Reproduction in rotifers can be sexual, and the 
sexes are separate. But much of the time the females 
are fully in charge, producing young without having 
to bother with males. In one small group of primitive 
marine rotifers, so far known only from European 
waters, males and females are nearly similar in struc- 
ture, though the males are slightly smaller and less 
abundant. The eggs must be fertilized, and they 
hatch into animals of either sex. Among bdelloid 
rotifers no males have ever been seen, and the eggs 
laid by the females always develop, without fertiliza- 
tion, into more females. About 90 per cent of all roti- 
fers are members of a third group, the Monogononta, 
in which males are produced only during a few weeks 
of the year, at which time they are fairly abundant 
but live for only a few hours to a few days. They usu- 
ally impregnate the females by hypodermic injec- 
tion through the body wall, rarely by copulation. 
These males are often about one-third the length of 
the female, sometimes much smaller. They are also 
degenerate, lacking mouth and mastax, or other or- 
gans as well. There are two kinds of females, indis- 
tinguishable externally. During most of the year one 
type prevails, laying eggs that develop without ferti- 
lization into females of the same type. At critical 
times in the year, when the environment is under- 
going some marked change, another kind of female 
hatches from the eggs. These are capable of being 
impregnated by males, but if they are not, their eggs 
hatch into males. When males do impregnate this 
second type of female, the eggs that are laid have 
thick, hard, and often ornamented shells and can 
withstand drying, freezing, or other hazards. Such 
‘‘resting eggs" or “winter eggs" can tide the species 
over unfavorable seasons or events; they later hatch 
into the type of female that carries on without males. 


The Gastrotrichs 

{Phylum Gastrotricha) 

Anyone who examines old protozoan cultures or 
pond debris under the microscope, looking for proto- 
zoans or rotifers, will sooner or later see gastrotrichs, 
elongate transparent creatures usually less than 
of an inch long, and colorless except for any colored 
food they have ingested. Most observers pmss them 
by as just another kind of ciliated protozoan, but the 
cilia by which they swim or glide are restricted to the 
under surface, and there are some on the head. 


The upper surface of the cuticle of the trunk is usu- 
ally clothed with overlapping scales, with bristles or 
spines, or with spined scales. Those most often seen 
in fresh waters are bristly, have a slightly constricted 
neck that sets off head from trunk, and end in a 
forked tail that has at each tip a cement gland serv- 
ing the same function as in rotifers. They browse on 
the bottom or on vegetation, and swim only briefly. 
About the size of rotifers, the gastrotrichs also re- 
semble them in many details and feed on the same 
small organisms or organic debris. They have no 
spreading feeding disk, and food particles are sucked 
in by a muscular throat (pharynx) like that of nema- 
todes, the group to which they seem to show most 
affinity. 

About 60 per cent of known gastrotrichs live in 
fresh waters, but one group is exclusively marine. 
So far it is known only from European shores, where 
the most devoted observers have worked. The ani- 
mals glide, crawl in leech fashion, or remain attached 
for long periods. They are hermaphroditic, produc- 
ing both eggs and sperms. 

The group which includes most of the common 
gastrotrichs of fresh waters has many marine mem- 
bers also. The fresh-water forms are seldom found 
in running water, for they favor habitats with much 
decay, such as vegetation-choked shores of pond^ 
and lakes, mossy pools, and bogs. Surprisingly, they 
also occur in large numbers in the damp sand near 
the water’s edge on sandy beaches. In all these gas- 
trotrichs the male organs seem to have degenerated; 
all individuals are females and lay eggs that develop 
without fertilization. 


The Kinorhynchs 

{Phylum Kinorhyncha) 

A little more than a century ago, the ardent French 
microscopist Felix Dujardin turned his attention to 
some seaweeds collected along the coast of the Eng- 
lish Channel. Upon these marine plants he discov- 
ered a strange creeping animal less than Yi^ of an 
inch long. It resembled nothing he had ever seen 
before, and it had spines around the region he re- 
garded as its neck. For this reason he named it an 
“echinodere.” Thirty years later, a German zoologist 
concluded that the echinodere and several similar 
creatures that had been discovered should be re- 
garded as belonging to a special group, the Kino- 
rhyncha, using this term to show that all of them pull 
themselves along by a sort of snout. Some people 
would have preferred the group to be called the 
Echinodera. 

These are exclusively marine and microscopic, 
with elongate bodies covered by a jointed cuticle &at 
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suggests segmentation. Most of what is known about 
kinorhynchs has been learned from those along Eu- 
ropean shores. Yet these animals have been found 
on northern American coasts, Japan, Zanzibar, and 
the Antarctic. They must be widely distributed. 

Kinorhynchs have no cilia and cannot swim, but 
crawl about on muddy or slimy bottoms, swallowing 
fine debris. Some live on seaweeds, browsing on mi- 
croscopic algae. To feed, the animal extends the 
spiny, retractile head and protrudes a mouth cone 
with a circlet of spines. Then it sucks in the food by 
means of a muscular throat. Externally the males 
and females cannot usually be told apart, but sex- 
ual reproduction occurs at all seasons. The eggs hatch 
into a larval stage. 

The Prlapulids 

(Phylum Priapulida) 

This small phylum has, so far, only six species of 
marine wormlike animals of dull color and modei- 
ate size, the largest about 3 inches long. The cylindri- 
cal and superficially ringed body, so warty that the 
animal was once classed with the sea-cucumbers, has 
a shorter front region which can be inverted and 
withdrawn into the longer trunk region. The front is 
well armed with rows of spiny teeth, for capturing 



prey as the worm plows thromh muddy b o tu m u i. 
Three species have long been known from northeni 
seas around the fpvbc. down Co 1500 feet (500 m.), 
and as far south as Massachusetts and Belgium, One 
of these. Pnapulm ciukkum, or a form almoM like it, 
is found al.so in aiiian.*tk teas, as is another species 
of the same genus lintil IU59 no prtapulids were 
known from middle latitudes; then a new species 
was brought up from the cx>ld bottom of the mid- 
Americun trerkh. at a depth of nearly I7,CKI0 feet, 
off the western coast of Costa Rica. 


The Horsehair Wonns 

(Phylum Nemanmuirphtt) 



The horvehut * worms have been known for many 
centuries, and almost from the beginning have been 
associated kith tfie myth that they were animated 
horse hairs, hiiiisformed after being dropped from 
horses into bodies of fresh water or into drinking 
troughs. The resembSa icr is not too far*feichcd, for 
these long, fine worms arc often about 6 inches kmg 
and black or brown in color, though the color may 
be yellow or gray and the length may approach 3 
feet. The diameter of the body of an inch at 
most) is almost the same throughout, though it ta- 
pers very slightly at the rear and a little more at the 
front end. Males are shorter than females and usu- 
ally slightly curved at the rear. 

We no longer need a fanciful cxpUuiathin fur why 
horsehair worms suddenly turn up, full-grown, in a 
body of water that had neme the day belore. The lar- 
val worms develop within the bodies itf Inteelt. usu- 
ally land beetles, crickets, and grauhoppers. The 
adults emerge full grown and make their way to wa- 
ter. They have a degenerate digestive tract a^ never 
feed. Though the males can swim slowly, the females 
do little more than writhe about. 

In the springtime one may find writhihg masses of 
as many as twenty tangled worms, and this has given 
rise to another common name, gordlan worms, lefer- 
ripg to the Gordian knot of the ancient Greek mydi. 
Only one pair of worms is involved in a oopuiatton* 
however, and the fertilized eggs are laid in loitg» 
gelatinous strings. After hatching, the fawa eutai 
about for a short time, then pteMundUy ancyits M 
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vegetation at or near the water’s edge. Thus larval 
cysts can be ingested by water beetles, and perhaps 
a falling water level exposes some of the vegetation, 
making the cysts available to crickets and grasshop- 
pers feeding near the water’s edge. The genus Gor- 
dius is known from ponds and ditches all over the 
world. Other genera are less cosmopolitan, but horse- 
hair worms occur from the tropics to cold-temperate 
regions, even above timber line on mountains. There 
are about eighty species, only one of them marine. 


The Spiny-headed 

Worms (Phylum Acanthocephald) 

Only when they are tucked away in someone else’s 
intestine can these worms be looked on as animals 
of unobtrusive habits, though it is true that few peo- 
ple ever see any of the four hundred known species 
or are even aware of their existence. The spiny head 
referred to in both common and technical names is a 
burrlike and retractile proboscis by which the worm 
clings to the intestine of fresh-water, marine, or land 



vertebrates. Fishes and birds are favored hosts, but 
many mammals receive their share of attention, and 
occasionally also man. Like the tapeworms, which 
they resemble in many respects, these spiny-headed 
parasites have no mouth or digestive tract at any 
time in life, risking all on finding hosts to support 
them. They have few internal organs that are not di- 
rected toward a prodigious production of offspring, 
and the success of the species rests on enough of these 
surviving all hazards and eventually making their 


way back to the vertebrate host to reproduce again. 

The adult lives a life of ease, absorbing food 
through the body wall and resisting digestion by 
means of the thin cuticle that covers the body. The 
chief damage to the host is local injury at the point 
where the proboscis is attached, but if the proboscis 
perforates the wall, it may cause a fatal peritonitis. 
In really heavy infestation the worms may interfere 
with digestion and cause loss of appetite. 

The spiny proboscis, armed with rows of stout re- 
curved hooks, can be turned inside out on retraction. 
And the knoblike or slender forepart of the body, 
made up of the proboscis and an unarmed neck at 
the base of the proboscis, can be withdrawn into the 
much larger trunk region. The trunk may be short 
and plumpish or long and cylindrical, but only in 
certain worms is it curved or coiled or beset with 
spines. 

Most acanthocephalids are under 1 inch long, 
some only a small fraction of an inch, but the com- 
mon species that lives in pigs all over the world 
reaches a length of more than 2 feet and looks as 
formidable as its name, Mavracanthorhynchus hirudi- 
naceus. This giant parasite has, in the past at least, 
been reported in people of the Volga valley in south- 
ern Russia. The knoblike proboscis is armed with 
five or six rows of very stout thorns, and the long, 
pinkish, wrinkled trunk tapers from front to rear. As 
in nearly all spiny-headed worms, the male is much 
smaller than the female. The eggs develop, within 
the mother, into a young larval stage that is enclosed 
in a hard spiny embryonic shell. Shed with the host’s 
feces, the shelled embryos can survive in soil for up 
to three and a half years. When swallowed by grubs 
of June beetles or similar insects, they develop within 
the insect body. Pigs become infected when they eat 
either grubs or beetles as they root about in pastures. 

The only other species that has been found at 
times in man is Moniliformis duhius, a common par- 
asite of house rats. In the United States and in South 
America it spends its larval life in cockroaches, and 
these infect rats that feed on them. In Europe a bee- 
tle (Blaps) has been implicated as a larval host. The 
adult worm may reach 1 foot ta length and has a 
really wicked-looking proboscis, cylindrical and cov- 
ered with twelve to fifteen rows of thornlike hooks. 

People sometimes unwittingly eat cockroaches or 
beetles, and there are other possibilities for getting 
infected with these resourceful parasites, but fortu- 
nately human infections are quite rare. The habits 
of dogs provide more opportunities for such worms, 
and dogs or coyotes in North America sometimes 
harbor Oncicola canis and may display rabies-like 
symptoms. In Texas, where most of the known cases 
occur, the armadillo may act as a transport host be- 
tween the dog and the arthropod that first harbors 
the larva. 
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The Entoprocts 

{Phylum EnloprtKta) 

These are tiny (less than Va of an inch high) 
aquatic animals that live as solitar> individuals or 
little colonies, superficially resembling h>droids be- 
cause the round or bell-shaped, flower-like bod\ sup- 
ported on a stalk is crowned by an oval circlet of 
tentacles. 

Under the microscope, an entoproct*s tentacles arc 
seen to be ciliated on their inner surfaces and to cre- 
ate ciliary feeding currents that gather microscopic 
organisms and particles. The intestine is U-shaped; 
and this, together with the tentacular crown and the 
habit of growing attached to various objects or on 
other animals, reminds us of the familiar moss ani- 


mals (bryovoans). For many ytari. In fact, the afh 
toprocts were included wMua the phylun BryoKia. 
But the bod> of an enioproct dillers from thM of a 
movs animal in so many ways that a eefiaraie phylum 
became necessar) for them. It is named for posi* 
ti m of the anus— within the circlet of lentades. In 
moss animals the anus opens ouuide the tentacular 
crown In hydroids, of coune, there is no anus. 

Entoprocts are almost entirely a marine group So 
far the onl> fresh- water genus HfnutiHk) has been 
found in India and the eastern part of the United 
Stales The remainder of the suly-odd ViHmrn species 
of entopriKts have been collccb^ widely on marine 
shoies or in shallow waters around the world. Eind* 
ing these inconspicuous animals is an eaciiing chal- 
lenge to ;!nyone who likes to see at first hand a small 
group known to mo^i people only from books. 
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CHAPTER VIII 


The Arrow Worms 

ChaetogtuUha) 



A 

-IXLMOST any bucketful of sea water, whether 
from the surface close to shore or from the depths, is 
likely to contain a few pencil-slender arrow worms, 
so transparent as to be overlooked. Even hundreds 
of them may draw no attention to themselves unless 
the water in which they swim is poured into a shallow 
dish with a black bottom. Then the arrow worms 
show as ghostly, darting creatures from ^ to 4 inches 
in length. 

All of the thirty-odd species of arrow worms are 
free-living. Most of them are pelagic and cosmo- 
politan. Sometimes they become extremely abun- 
dant, swimming in great masses that can cloud the 
water with a grayish tint, particularly at certain times 
of the day and year. Usually this matches occasions 
when the sea is locally rich in the favorite foods of 
arrow worms: microscopic diatoms and other algae, 
protozoans, copepod crustaceans, and larvae of 
many other animals, including hsh. Toward all of 
these an arrow worm is a formidable predator, but 
to jellyfishes, ctenophores, small fish, whale sharks, 
and whalebone whales, k is merely part of the nour- 
ishing plankton. 

As an arrow worm rests quietly in the water, its 
body ordinarily is straight and horizontal. Folded 
compactly under a thin rounded hood at the anterior 
end is a pair of sickle-shaped hooks set with movable 
spines. These serve as jaws when the hood is turned 
back and the arrow worm darts for about its own 
length after prey. Between the hooks and surround- 
ing the slitlike mouth are dozens of short bristles. 


The chaetae from which the phylum Chaetognatha 
takes its name (‘‘bristle-jaws") are the spines on the 
prehensile hooks which, when spread and held out 
stiffly, form the most conspicuous feature of an 
arrow worm’s head. Closer inspection, however, soon 
leads to discovery of two widely spaced clusters of 
simple eyes (ocelli), each cluster roofed by a three- 
part, light-collecting lens. The largest part faces 
somewhat to the side. A diminutive brain may be visi- 
ble, connected by very fine nerves to the eye clusters, 
to the muscles controlling the grasping hooks, and to 
a narrow organ on the midline believed to apprise 
the animal of chemical substances in the water — the 
aquatic equivalent of the senses of taste and smell. 

Fully half of an arrow worm’s body is trunk, set 
off from the head by a slightly narrowed neck and 
from the tail by another change in body diameter. 
The sides of trunk and tail bear thin, streamlined fins 
suggesting the feather vanes on an arrow. From these 
the principal genus gains its name (Sagitta) and 
chaetognaths receive the familiar term arrow worms. 
The tip of the tail also bears a transverse fin. 

Each of the fins is supported firmly by hair-thin 
rays, but no special muscles permit separate move- 
ments of these extensions of the body. Instead, they 
serve in maintaining balance and in making more 
effective any movements of the body as a whole in the 
water. 

Except for the fin rays, no structure resembling a 
skeleton ever develops in an arrow worm. The mus- 
cles are chiefiy longitudinal ones, used in bending 
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the body in locomotion. They are supplemented in 
the head by other muscles serving to move the grasp* 
ing hooks. 

An arrow worm’s digestive tract is a straight tube 
from mouth to anus. Often it is the most conspicuous 
part of the animal simply because the small crea- 
tures being digested in it have not yet achieved the 
degree of transparency of the predator surrounding 
them. 

Arrow worms resemble chordates in having a skin 
that is several cells thick in some areas and in pos- 
sessing a tail posterior to the anus. The body cavity, 
moreover, arises during embryonic development in 
the manner characteristic of echinoderms and chor- 
dates but no other phyla. Yet the chaetognaths have 
no separate circulatory system nor respiratory or 
excretory mechn»'! ms. Instead, the fluid in the body 
cavity is propv.wd by cilia and by movements of the 
body as a whole, and serves to transport food and 
wastes from the digestive tract to the body wall, and 
oxygen absorbed from the sea in the other direction. 

Actually, the body cavity is cut into a head portion, 
a trunk portion, and a tail portion by transverse par- 
titions, and is separated incompletely into a right side 
and d left by a perforated longitudinal sheet of tissue 
( mesentery ) holding the digestive tube in place. 

The tail cavity contains a pair of testes, from 
which the sperm cells escape through ruptures after 
being coated with mucus to form spermatophorcs. 
The trunk cavity, on the othei hand, contains a pair 
of .slender ovaries, with ciliated oviducts opening to 
the outside of the body. Hence an arrow worm is a 
hermaphrodite, with a male tail and a female trunk. 
The fertilized eggs are discharged and develop ^hile 
floating in the water. In many features the embryos 
resemble those of echinoderms and chordates. 

Probably the planktonic genera Sat^itut, Eukroh- 
nia, and Pterosagiiia include only .species depending 
upon self-fertilization. Sagitta is easy to recognize 
from the two pairs of lateral fins, Eukrohnia by the 
long, slender neck region and single elongated pair 
of lateral fins, and Pterosagiiia from the thick- 
necked appearance given by a massive collarette 
extending back to the single pair of small lateral fins. 

Spadetla is a very different at row worm, asso- 
ciating with the bottom and clinging to objects there 
by means of adhesive papillae. In 5. cephaloptera 
these are located on the ventral surface of the tail; 
other species wear the miniature suckers on finger- 
like projections situated just in front of the tail fin. 

In all members of Spadella, the body is more 
stocky, and the animal spends much of its time hold- 
ing to a rock or an alga, waiting for food to com 
within darting distance. Often it seizes victims with- 
out even letting go of its support. Cross-fertilization 
is the rule in Spadella, and the eggs are cemented to 
the bottom. 


Temperatuit of surrounding water teems iin|MM^ 
tarn to many arrow worms at the time of reproduction. 
The pelagic kinds that migrate vertkall) in the Wop- 
u?K are exposed to a large range of temperature every 
day. since at one thousand feet below the surface 
the water is close to the normal fieeamg point 
whereas surface layers may he quite warm Appar* 
ently they beotme dependent upon access to tem- 
peratures highci than those in the depths, fot, if 
currenrs carry them into colder water, they fail to 
reproduce even though they may grow to twice their 
normal size. 


Thr unm wwni, SagOm trlois, aemrt la wHavp wa> 
ler« in inctnl^hlr mmkmn at cwitaln mnwmw. At meh 
limM It U an importaal laod lor lihat. iUmAmd. 
D, P WlltoB) 



CHAPTER IX 


The Acorn Worms 

and Their Kin 

(Phylmn Hemkhordala) 


An acom worm in its 
burrow in the sea bottom 



A 

XILMONG the treasures to be found in sand and 
sandy mud along the world's seashores are fragile, 
pinkish tan animals called acorn worms. At hrst 
glance each might be thought to be a pale, soft-bod- 
ied earthworm. The 5- to 6-inch body even wears a 
swelling near the anterior end, suggesting the clitel- 
lum of an earthworm. But the body of an acorn 
worm is not segmented, and the enlarged region is a 
collar that extends completely around it. 

Sometimes an acorn worm is exposed when a 
stone, half-sunken in the bottom, is lifted. One wall 
of the worm’s burrow is taken away. These creatures 
build branching U-shaped or Y-shaped tunnels in 
the bottom sediments, lining them with mucus. At 
night an acom worm may emerge from its burrow 
and creep over the bottom among eelgrass or other 
plant tangles, but by day it is almost sure to be out of 
sight. 

In spite of the wormlike body, acorn worms pos- 
sess a feature that, until recently, was regarded as 
earning them a place in phylum Chordata, as de- 
generate relatives of the vertebrates. Between the 
pharynx region of the digestive tract and the outside 
of the body, acorn worms and some of their close kin 
show a series of paired openings. Qefts of this kind 
are known otherwise only among the chordates 
and, possibly, one extinct genus of echinoderms. 

Tc^ay the phylum name Hemichordata is re- 
garded as suggesting a sort of halfway station, not 
really eligible for inclusion among primitive chor- 
dates but rather worthy of a phylum by itself. Similar- 
ities between embryonic stages of hemichordates and 


echinoderms may indicate a closer link with sea stars 
and their kin. • 

The first part of an acorn worm, anterior to the 
collar region, contains a contractile chamber serving 
as a heart. It draws blood from a dorsal longitudinal 
vessel, punips it through an organ assumed to serve in 
excretion, thence around the digestive tract on each 
side, to join into a ventral longitudinal vessel. This 
first part of the body is used also in burrow-making 
and in pulling the body along when the animal is ex- 
posed on the surface. Cilia, which cover the body, 
help in a slower, gliding kind of locomotion. 

The mouth opens below the forward end of the 
collar and leads into a long, straight digestive tract. 
The anus is at the posterior end of the body, and 
there is no postanal tail as in chordates. Just behind 
the collar, the gill openings from the pharynx dis- 
charge water taken in through the mouth. This copi- 
ous flow is directed from the dorsal surface into the 
worm's tunnel or the surrounding sea. 

In some species of the genus Balanoglossus, the 
first part of the body and the collar together might 
suggest an acom in its cup; from this the most familiar 
of the hemichordates receives a common name. In 
Saccoglossus the first part of the body is greatly ex- 
tended. The twenty-odd species of Balanoglossus in- 
clude B. clavigerus from the Mediterranean and B. 
aurantiacus from the coast of the Carolinas. Sacco- 
glossus kowalevskii is found on both sides of the 
North Atlantic and is probably the acorn worm most 
frequently encountered. 

Members of the genus Ptychodera resemble Ba- 
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CHAPTER X 


The Beard Worms 

{Phylum Pogonophora) 


.^^MONG the most astonishing discoveries made 
with deep-sea dredges in the twentieth century was 
the finding of this assemblage of tube-building, 
wormlike creatures, for they live their solitary lives 
and reach a length of as much as 1 3 inches, a diame- 
ter to ^,^0 of an inch, with no trace whatever of a 
digestive system — a condition unique among free- 
living many-celled animals. 

The body of one of these long and exceedingly 
slender worms shows a subdivision into three regions: 
a proboscis bearing from one to more than two hun- 
dred tentacles on its underside; a collar-like enlarge- 
ment; and a long posterior body whose final third 
may be marked off into a large number of successive 
rings by rows of raised adhesive areas. With these a 
beard worm clings to the slender, close-fitting tube it 
has secreted in the bottom mud. The tube consists 
of a series of rings or slightly funnel-shaped pieces 



composed of animal cellulose — the material found in 
the tunic of a sea squirt. 

Enough is known about the embryos of beard 
worms to show that they too lack a digestive tract 
and consequently cannot be assumed to store enough 
food to last for the lifetime of the worm. Instead, a 
beard worm seemingly must depend upon decompo- 
sition products diffusing to it from bacterial action in 
the surrounding abyssal water, or must be able to 
control digestion outside its body in an enclosed space 
of some kind. 

In searching for an enclosed space of this descrip- 
tion, scientists have looked suspiciously at the slen- 
der cavity within the spiral of the single tentacle in 
species of Siboglinum, or between the outstretched 
parallel tentacles of worms in other genera. 

In Galathealinum somewhat more than one hun- 
dred tentacles lie side by side, anterior to the worm 
in its tube. In Spirobrachia the number may be more 
than two hundred. In LamelUsabella the tentacles 
form a watertight cylinder for most of their length, 
and only the tips are free. Into this cylinder extend 
short lateral projections comparable to those found 
on one or both sides of the tentacles in all other 
beard worms. 

The tentacles do have thin walls and an extension 
of the closed circulatory system. But so far, no gland 
cells have been discovered that could secrete diges- 
tive ferments, and the secret pf the beard worms* 
nourishment remains an intriguing enigma. 

Of the twenty-four known species of beard worms, 
thirteen have been found only at great depths be- 
tween Kamchatka and the islands just north of Ja- 
pan. Four more appear to be limited to somewhat 
shallower waters in the same general region. Sibogli- 
num has been dredged from the Skagerak off the 
Norwegian coast at depths from 500 to 2000 feet, 
from British waters, and from tropical western parts 
of the Pacific. The last is the only known home of 
Galathealinum. LamelUsabella has been recovered 
from close to ten thousand feet below the surface in 
both the Okhotsk Sea and the Gulf of Panama. 
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CHAPTER XI 


The Phoronids 



]delOW the level of low tide, i^ ptUngs in the 
Bay of Naples, wear a feltwork of interlacing mem- 
branous tubes two or three inches thick. Each tube 
is the individual home of a wormlike animal, Vho- 
ronis kowalevskii. Like the fourteen other species 
comprising this phylum, these tube-dwellers wear 
a horseshoe-shaped crown of ciliated tentacles with 
which they entrap food particles in a m^us film 
carried to the mouth at the bottom of the horseshoe. 

Most phoronids are less than 8 inches long, some 
as short as %„ of an inch. A giant is fhoronopm 
californica, which lives singly in the estuari» along 
the California coast in blind tubes as much as 18 
inches long and »/i« of an inch in diameter. The en- 
tire 12-inch body of this phoronid is orange, its tenta- 
cles an even brighter shade of the same color. Some- 


times it leaves the ®,-inch plume of orange tentacles 
exposed at the einJ of its sand-impregnated tube, and 
draws attention in this way. 

On the AilantK- coast of North America. 5-inch 
unhiir'ia is common in the sand flats of 
North Carolina and a< far north as Chesapeake Bay. 
It also builds isolated tubes. 

In Australia, a different reddish-colored phoronid 
as much as 6 inches long builds a home for itself m 
the wall of another tubediveller. the lube anemone 
Cenanihu\ 

Phoronids have red Wood in a dosed system oi 
vessels Most arc hermaphroditic, and the fertiUaed 
eggs develop into swimming larvae Evemually the 
young settle dosvn to build a lube and grow by mete- 
morphosis into adult form. 


CHAPTER XII 



{Phylum Bryozoa or Ectoprocta) 


A 

XXNYONE curious about animal life in water is 
almost sure to meet moss animals (bryozoans) in 
many guises. A piece of seaweed is cast upon the 
beach: over some of the floats and leaflike areas is 
a limy coating with a pattern of minute pores. This 
encrustation is a '1ace coral,” the work of one type 
of bryozoan (Plate 33). Or the spire of a whelk shell 
is rough with a different limy coating: the colony of 
another moss animal. 

The nautically minded often meet bryozoans. A 
skiff, pulled ashore after a summer at its mooring in 
salt water, must be examined underneath for bar- 
nacles and other fouling organisms. Some of the 
shrubby and fuzzy growths are almost certain to be 
bryozoans. Even in fresh water toward autumn, the 
piers of a boat dock may develop enormous masses 
of gelatinous material patterned in a mosaic of 
brown markings over the surface. This too is a co- 
lonial moss animal, not the egg mass of a giant frog. 

Moss animals are all colony builders, and never 
live alone. Each individual is of microscopic dimen- 
sions, seldom more than Vfu inch in len^h. It lives 
a few weeks attached to the wails of a chamber 
formed of its own secretion while capturing still 
more minute particles of food in a current of water 
created by cilia on its many tentacles. The presence 
of cilia on the tentacles distinguishes a moss animal 
from any coelenterate hydroid. 

Bryozoans have a U-shaped digestive tract in which 
the mouth is centrally placed in a ring or horseshoe- 


shaped group of tentacles and the anus lies near the 
mouth but is not encircled by the tentacles. The anus 
L exposed when the tentacles are fully extended from 
the chamber housing the animal. Otherwise the body 
of each individual is astonishingly simple. It contains 
no respiratory, circulatory, or excretory system. Nor 
do the reproductive organs open to the outside by 
organized passageways. 

The brevity of life span for individual moss ani- 
mals could be suspected from examining a healthy 
colony with a hand lens. Each community begins as 
a sexually produced single individual maturing from 
a newly attached juvenile which has just gone through 
marked changes from the embryonic swimming stage. 
The first individual produces asexual buds, each of 
which adds another chamber and another zooid — 
and more buds. Consequently the periphery of a 
growing incrusted colony or the tips of the branches 
of a feathery clump of bryozoans is always the 
youngest part. 

Back from the edge or the tips, the hand lens usu- 
ally reveals chambers empty except for minute brown 
lumps, the “brown bodies'* which remain from a de- 
generated individual zooid. Still older parts of the 
colony are likely to be inhabited again by feeding in- 
dividuals, for into the chamber of a dead zooid the 
colonial cross-connecting strands send a new bud to 
provide a replacement. Otften the first meal of the new 
zooid is the brown body representing its predecessor. 

No one is sure why each zooid dies so young. Pos- 
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pinches itself into two or more pieces, and each goes 
off on its own, elongating as new zooids are added. 
By late autumn, a lily pad floating on a pond particu- 
larly rich in food for bryozoans may wear a whole 
mesh of Cristatella, where separate colonies have 
fused together. 


Marine Bryozoans 

(Class Cymnolaemata) 

The zooids of marine moss animals have no little 
flap of body wall projecting over the mouth, and 
hence the gullet is exposed, as is indicated h> the 
name of the class (from Greek gynino. naked, and 
laimos, the guile* in these bryozoans the tentacle 
cio\\n is circular. The body wall contains no muscle 
layer, and each zooid has a separate body cavitv 
(coelom). 

A great many marine moss animals are cosmopoli- 
tan, apparently having been carried throughout the 
world on floating seaweeds, drifting wood, and the 
bottoms of ships. Consequently a remarkable variety 
can be found on almost any rock covered b> water 
at low tide, on any wharf piling that has stoc^ for a 
season, or among the fouling organisms on a boat 
bottom. 

Each of the three methods by which moss animals 
provide for hydraulic extrusion of the tentacle crown 
IS characteristic of an order. Those retaining at least 
one wall of the chamber as a thin, flexible membrane 
may thicken the other walls but not impregnate them 
with lime. These bryozoans wear around the extruded 
feeding organ a pleated collar with stiffening rods, 
suggesting a circular comb. They use this device to 
close the opening of the chamber after the tentacles 
have been withdrawn, and are the “comb-mouths"' of 
order Ctenostomata. One of the strangest of them 
is Victorella pavida, whose long, slender, vaselike 
chambers arise from a branched, vinclike growth at- 
tached to underwater objects. Jt was discovered first 
on docks in the Thames River at London, and not 
only tolerates brackish water to a degr^ unusual 
among bryozoans but seemingly lives also in the fresh 
waters of Lake Tanganyika in Africa, on stones and 
shells and in cavities of fresh-water sponges there. 

Members of several ctenostome families specialize 
in dissolving their way into the limy shells of conchs 


other heav> marine moButkiu ftph^tag the 
rial removed by thm-walM chambers of th^ own. 

Bryozoam whose chamber walls are all calcUlad 
have circular openings, and exchange space in the 
narrow vestibule opening to the sea for sptm In 
the bixly cavii> whtn the tentacle-bearing crown is 
pushed out or pulled in These are the ^'narrow- 
mouths*' of order Stenostomata None of them poa- 
scsses aviculariu or the whip- wielding vibrnt^ula, but 
reproduction ma> include a techniqiie found nowhere 
else among bryozi>ans' they produce a number of em- 
bryos from each fertilized egg-^likc idcniical quintu- 
plets. except still more numerous The largest genus 
< TuhtiUpitra) includes many kinds forming prone or 
erect colcnies. often expanded into fantike clusters 
from which (he reproductive zcaiids pro|ect as clearly 
spcciultzed members of the populaimn 

The iwnaining m.irine bryozoans either retain one 
membranous wall in the calcified chamber or produce 
a compensation cus^its The opening of the chamber 
IS usually protected by a movable denu. us the "lip" 
referred to in the name of the order Cheiloslomata, 
the "lip-mouths " This order is the only one in which 
some /ooids arc mcHfifled into uviculuria or vibracula, 
serving lo keep the colony immaculate and ufiin> 
vaded Most marine bryo/oans are cheilcMtomcs 
One of the most sinking and largest of the chcilo* 
stomes IS the barels calcified Hugula tunua» ctilonies 
of which are treelike, with branches each a spiral tuft 
of flat, fun-shaped gr(«ups of branchlets IJouhIr rows 
of /ooids on each brunchlef have the openings facing 
in a single direction, ilw urfacc over which the avicu- 
lariu patrol These guarduins swing on slender, flexi- 
ble necks, back and forth with beaks wide open 
Fully developed Bttgula colonics may protrude 
from wharf pilings and sea walls lo a dutance of 12 
inches, the bright yellow or orange tentacles con- 
trasting with the dark water anywhere from Maine 
to Brazil. Other species of Buguta are widely disirib* 
uted in the northern and eastern Atlantic (Plate 34). 

A very different type of chetlosiome is the sea mat 
Flustra fohaiea, so abundant on the shores of western 
Europe. Often it is mistaken for a seaweed, for It 
forms erect, leafy colonies. Each surface of the broad, 
bladelikc branches is densely fitted with zooid-coiK 
taining chambers, each with two little horns. Among 
the zooids are scattered, smaller, rounded avkularia 
with broad lips suggesting the distorted mouths of 
Ubangi women in the Belgian Congo. 
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CHAPTER XIII 


The Lamp Shells 

{Phylum Brachiopoda) 


A variety of lamp shells: (center) 
linpla with its stalk in mud; (t 
right) hinged lamp shells clinging 
a rock 


T 

±HE two pam of a brachiop^ shell fit together age. goes back at least 350 million years, although 

like saucers facing one another. But instead of these none of its existing species is particularly ancient. The 

being a right valve and a left, ^ in clams, one bra- other genus. Crania, dates from late Ordovician to 

chiopod vrive « dorsal, the other ventral. the present, and is stUl millions of years older than 

In most brachiopods, the ventral valve is somewhat the next competitor. During Ordovician times lamp 

larger and more convex, and extends beyond the shells were more abundant than any other fossU- 

dorsal valve around a definite opening. This gives the producing type of animal 

shell a general form like that of the oU lamps of Greek Inside its sheU, each brachiopod shows a lelation- 

and Roman times, so often represented symbolically ship to bryozoans and phoronids in possessing a pair 

as the “lanqi of wisdom.” The classic lamp was lit of curled, tentacle-bearing arms, one on each side of 

through a hole corresponding in position to the one the mouth. Cfiia on the tentacle surfaces create water 

through which a Uving brachiopod has a short stalk currents which enter at the sides of the shell, bringing 

serving to anchor the animal to some support. Usu- minute food particles and oxygen. Glands on the ten- 

ally the stalk holds the larger valve uppermost. tacles secrete a mucus film in which food becomes 

The 260 or so existing species of lamp sheUs are Uapped. The loaded mucus is then swaUowed. The 

all marine. They represent today a slowly dwindUng water leaves on the animal’s midline, where the shell 

line whose ancestors can be traced clearly in the fossil valves gape most broadly when the control- 

record for 500 million years. During four-fifths of ling them relax. 

that tune, they have been m slow decline. About Modem brachiopods include a few with shell valves 

3000 different extinct qiecies of brachiopods are as much as 3 inches in greatest dimenyon . Some fos- 

sil forms exceeded 1 foot across. Existing lamp sbdls 
Two genera of brachiopods hold the record for inhabit all seas at all latit ud e s , and find pl a ces at all 
surviving longer than any other group of animals. depths, from the intertidal sand flats to the great 

lingula, found first in the early strata of Ordovician abysses. Many of them ate abundant locally. Snm * 
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CHAPTER XVI 



The Mollusks 

{Phylum Mollnsca) 


T 

XO many people the mollusks are **shellfish.*’ 
Qams and oysters, perhaps snails and squids, are the 
most familiar kinds. Yet squids have no obvious 
shell, and no one seriously would consider a plate of 
cooked snails as fish except on '*fish day.’' Nor did 
those who gave the phylum Mollusca its name (from 
the Latin mollis, soft) have in mind the giant squids 
of the open oceans, creatures that wrestle — some- 
times successfully — ^with the great sperm whales. 

Better than forty thousand different kinds of living 
mollusks are known, a total exceeded among inverte- 
brate phyla only by the arthropods. These mollusks 
include representatives above the snow line in the 
Himalayas at an altitude of 16,400 feet, and deep 
blue sea slugs creeping 'on the underside of the sur- 
face film in the open ocean, and clams plowing the 
sea bottom at a depth of at least 17,400 feet where 
the hydrostatic pressure is almost four tons to the 
square inch. Some snails manage to survive freezing 
in the ice over ponds, and others tolerate thermal 
springs at a temperature of 112 degrees Fahrenheit. 
A few desert snails live where the air above them at 
j^oDts in the same temperature range. 

this versatility demonstrates the possibilities 
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in an unsegmented body whose dorsal and lateral 
surfaces bear a fleshy tissue (the mantle) capable of 
secreting an external limy shell. Ordinarily the ven- 
tral surface is a flat, creeping foot. Features of the 
foot, mantle, and shell are particularly helpful in 
identifying each different kind of mollusk. 

Some features of mollusk anatomy are peculiar to 
this phylum. A rasping organ (radula) is found in the 
mouth of most mollusks as a ribbon-shaped tool that 
can be slid back and forth while its sharp teeth act 
like those on a file, scraping free small particles of 
food. All mollusks, even the largest and most active, 
have a nervous system consisting of only three paired 
ganglia. One lies above or beside the mouth, a sec- 
ond below the gullet as a center for nerves to ^e foot 
region, and a third still more ventrally with connec- 
tions to mantle, gills, heart, and other visceral organs. 

This way of life is very old. Gams appear early in 
the fossil record, along with uncoiled snails and the 
ancestors of today’s splendid pearly nautilus. Alto- 
gether, more than forty thousand extinct kinds of 
mollusks have been found, showing that modem 
shelled types are but the living heirs to a spectacu- 
larly diverse heritage. 



The Mollifsk Aborigines 

( Class M anoplacophi*ra ) 

Until* 1957 no mollusk had been found giving 
more than token support to the scientists* hunch that, 
in the remote past, a limpet and a clamworm had 
shared a common ancestor. All known mollusks had 
gone ahead with their evolution in ways that placed 
no premium on a segmented body, whereas the anne- 
lids had found special advantages in partitions isolat- 
ing a series of chambers — each a part of the body 
cavity. 

Then, among a collection of bottom animals 
brought aboard the Danish research ship Galathea 
in 1956, from nearly twelve thousand feet below the 
surface of the P >lic Ocean some three hundred 
miles from the nearest shore (Nicaragua), biologists 
found some “living fossils" — ten complete, preserved 
specimens and three empty shells of a kind of crea- 
ture no one had ever seen before. They named it 
Neopilina galatheae, and recognized it from its shell 
as representing a type of life believed extinct since 
the Devonian period of geological time, four hundred 
million years ago. No animal discovered in recent 
years has meant so much in scientific understanding. 

The deeps of the sea must hide many such treas* 
ures. In December of 1958, four more specimens of 
Neopilina were hauled up to daylight from more 
than nineteen thousand feet below the surface. Until 
the dredge of the American research vessel Verna ar- 
rived, these mollusks had been living on the bottom 
of an ocean valley known as the Pcru-Chilc Trench, 
about one hundred miles from the coast of northern 
Peru. This was more than thirteen hundred miles 
from and seven thousand feet deeper than the earlier 
find. The species collected aboard the Vemn re<»ivcd 
the name N. ewingi, to honor Dr. Maurice Ewing of 
Columbia University, who had arranged the expedi- 
tion as part of a long-term enthusiasm for deep-sea 
biological exploration. 

Both kinds of Neopilina could easily be mistaken 
for some kind of limpet with a small flat foot. The 
largest of the thin, almost circular shells is about 
of an inch long and about % « of an ftich high, like a 
short stocking cap with the extra material drawn to a 
low point in the middle at the front. 

Shells of this general style are known from the 
early Paleozoic sedimentary rocks, a^ the only 
strange thing about them is the pairs of little scars ^ 
the inner surface, showing where muscles held the 
animal to its armor. That these scars were (and arc) 
paired attracted no special attention until * 
served Neopilina became available for study. ThCT 
the creature was seen to have a pair of 
side of the foot under the mande to correspond to 
each pair of muscle attachments. And between the 


gills, paired exetetory tiibiiles open^-ndmias (Hi* 
phridia ) far more like those of martne annelid worm a 
than thme of any nuillusk known. 

Neopilina cannot be said to be se gmen tod, lor Its 
body contains no crosswiae partitkins^---|}|il« in Ihh 
sense, neither can an adoh leech And no one has yet 
seen the >iMing of these modiisk aborigilnet. The du- 
plication of parts, whether gills or excretory tubules 
(nephridia) or shell-holding muscle bands, all show 
a stmiUritv to annelid worms At the same lintt. a 
pair of fleshy flaps on each side of the mouth suggeei 
the food-manipulating organs of a clam A series of 
short tentacles |ust posterior to the mouth, in front of 
the foot, could well represent on a diminutive scale 
the “arms'* of an octopus or squid. 

Whether Neopilina creeps over the oory bottom on 
a thin cushion of secreted mucus or lies on its back 
and uses the mucus him as a trap for fcxxl may even- 
tually be learned. Its one-piece shell provi^ the 
basis for the name devised in 1957 for the new clans 
Monoplacophora (“one-plate-bearer"). No doubt 
other “living fossils'* will come to light as explorations 
continue in the dark depths of the sea. 

The Sea Cradles 

( Class Amphineyea ) 

If an animal clinging to a rock at the seashore 
wears a shell consisting of eight transveric limy 
plates. If IS a sea cradle (chiton). The natives of the 
West Indies call these exclusively marine animals 
“sea beef," and sometimes colieel them to cook as 
focxi. American Indians on the PictAc coast used 
them in this way loo, and had available the largest sea 
cradle in the world— as much as 1 3 inches long. 

The broadly oval foot of a sea cradle provides the 
animal with a suction cup for clinging to rocks and a 
means for slowly moving from place to place while 
rasping algae from the rock face by repealed strokes 
of the flielike radula. The edge of a sea cradle's man- 
tle comes down around the foot, and srears an en- 
circling girdle of minute limy plates suggesting a 
coat of mail. 

Above the girdle, the mantle secretes the eigbl 
valves of the shell proper, each fitted to hs nei|^ibor 
in such a way that the animal can curl up into a bull 
if detached from hs support. While purdy curled, the 
inverted chiton may r^ gently like a cradle. 

Sometimes the hard, whitened valves from a dead 
sea cradle wash ashore separately and are celled "see 
butterflies" because of the limy wiggs tbet provide 
the hinge action between one plele and the neat. In 
some lenities the chiton itself is known as the Imt- 
terfly fish." The series of shell velves mfght be ee- 
sumed to indicate sggmentatkm. But it doee not eor- 
respond to the errangemeiit of bu% gUb (sia to 
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ei^ty pairs) along the sides of the sea cradle’s foot, 
or to the ladder-like cross connections between the 
two separate but parallel nerve cords from which the 
class Amphineura takes its name (Greek amphi, on 
each side, and neura» a nerve). None of the other in- 
ternal organs shows a pattern suggesting repetition. 

Although they lack eyes, most chitons are sensitive 
to light and feed only in hours of darkness. Many of 
them return to the same site whenever not actually 
foraging. Others apparently never leave the “home 
spot.” The commonest sea cradle of exposed coral- 
line- and mussel-covered rocks along the Pacific 
coast of America (Nuttallina calilornica) remains 
fixed in this voluntary way. Repeated pounding by 
the waves and erosion aided by this 1 V^-inch mollusk 
produce depressions the size and shape of its spiny 
girdle and create little eddies with the ebb and flow 
of each wave. The eddies deposit seaweed debris in 
the depressions, bringing food to the animals in this 
way. Nuttallina is believed to survive for more than 
twenty-five years in this sedentary life, and the de- 
pressions are used by generation after generation of 
this mollusk, probably for thousands of years. 

The giant of all sea cradles is Cryptochiton stelleri, 
whose brick-red girdle completely covers the shell 
valves. It is called the sea boot or gumboot, and in- 
habits rocks from Bering Strait to California and to 
Japan. A 13-inch specimen may be 6 inches wide. 

On the intertidal coasts of Alaska, the most abun- 
dant sea cradle is the large, dead-black Katharina 
tunicata (Plate 39), whose valves barely show 
where the expanded girdle leaves little heart-shaped 
gaps along the back. It is common on both sides of 
the North Pacific, seeming to prefer rocks that form 
ledges about hal^ay between mid-tide and low. It 
tolerates full sunlight longer than most chitons. 

Along Atlantic coasts the sea cradles are smaller 
in high latitudes, and the %-inch species of Lepido- 
chiton tend to be the chief ones found with a clean- 
appearing zone of girdle platelets. Chaetopleura 
apiculata, of about the same size, is common below 
low-tide mark from Cape Cod to Florida; it has a 
hairy girdle and a keel down the middle of the shell 
valves. In tropical waters, far larger chitons tolerate 
intense sunlight for hours while exposed by the tide. 

Each sea cradle is either a male or a female. Many 
of them congregate in springtime, which is spawning 
time, and the females may each lay two long, spiral 
strings of eggs in jelly. The egg strings of Ischno- 
chiton magdalensis on the California coast average 
31 inches in length, and have been found to contain 
between them from 100,000 to 200,000 e^s. The 
young emerge as swimming larvae, but within a cou- 
ple of hours they settle and transform to the shell- 
bearing adult. 

In addition to the sea cradles or chitons with 
(the “loricates” of order Polyplacophora), the 
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class Amphineura includes some seemingly degener- 
ate, shell-less animals (order Aplacophora). These 
are the 1-inch, wormlike solenogasters, which live in 
the sea at depths greater than ninety feet, creeping 
over hydroids and corals upon which they feed. 

Each solenogaster has a cylindrical body with a 
mouth at one end and an anus between two project- 
ing gills at the other. If a foot is present, it consists 
only of a narrow ventral groove. Apparently all 
solenogasters begin as a larva with seven transverse 
limy plates on the back and a radula in the mouth. 
But the plates, and in some cases the radula as well, 
are lost at maturity. The body is then clothed in limy 
spicules that project from the enveloping mantle. 

The Snails and Slugs 

(Class Gastropoda) 

When a person describes something as being a flat 
spiral, he usually compares it with a watch spring, a 
butterfly’s tongue, or a snail shell. All snail shells to- 
day do have a spiral origin, even when (as among 
the limpets) no outward trace of this may remain. 
Back at the beginning of the fossil record, however, 
the earliest known snails had straight shells or long, 
curved, conical ones suggesting today’s tusk shells, 
except that they were closed at the small end. 
Through adoption of a spiral shape, a snail can carry 
within the armor of the shell a long, pointed mound 
of body and manage it in a neatly portable form. 

Most snails glide about on the large, flat, foot por- 
tion of the body and show a definite head end, often 
with eyes and sensitive projections (tentacles). Usu- 
ally, when danger threatens, the snail can withdraw 
into the safety of the shell, pulling in first the tenta- 
cles and head, then the complete foot. A good many 
snails even carry on the side of the foot a flat plate 
which forms a hard door (operculum), closing the 
shell completely after the animal is inside. 

That snails and slugs appear to creep on their 
belly surfaces is recognized in the class name (from 
gaster, the belly, and pes, podos, a foot) . The gastro- 
pod combines a skidding action of the rim of the foot 
along a sheet of mucus secreted at the anterior end, 
with movement of the sole proper in a series of 
waves. Transverse bands of the sole alternately sup- 
port the weight of the animal and are moved back- 
ward in a stretching action, and then are lifted clear 
to shift forward again, ready to take part in the next 
downward cycle. 

The V6-inch chink shells (Lacuna), which super- 
ficially resemble periwinkles, creep about on sea- 
weeds and eelgrass with a different gait. The foot is 
^ooved lengthwise, and the snail waddles — advanc- 
ing one side of the foot and then the other, swaying 

[ ocmtinued on page 177 ] 





























4 




















CHAPTER XVII 



Feather-duster worms in tubes and a paddle-footed 
worm creeping on bottom 


The Segmented Worms 

{Phylum AnueMa) 


F all the many kinds of worms, those with seg- 
mented bodies are surely known to more people than 
any others. Thus the inland angler seeks an earth- 
worm as a lure, and the coastal fisherman realizes 
that in salt water a sea worm will remain attractive 
longer to fish, and therefore baits his hook with a 
ragworm. 

Just about everyone sooner or later wades bare- 
foot in a pond or stream where bloodsucking leeches 
live, and finds these parasites attracted to his own 
skin. In many parts of the world, pharmacies main- 
tain a supply of live medicinal leeches, whether to 
take the color from a black eye or to extract “bad 
blood*’ from a patient. 

The earthworm, the ragworm, and the leech are all 
segmented worms. The same phylum includes the 
Jar smaller Enchytraeus and Tubifex, worms sold in 
pet stores as food for aquarium denizens. 

The rings that mark the body of an earthworm or 
ragworm are the features giving the phylum Annelida 
its name, from a French corruption of the Latin 
anelUs, a ring. Each of the encircling grooves corre- 
sponds to the boundaries of an internal partition di- 
viding the body into a series of almost identical seg- 
ments. Many of these segments have not only a priv- 
ate portion of the worm’s body cavity, but also a local 
exchange station (ganglion) of its nervous system, a 
' pair of excretory tubules (nephridia), and access to 
the products of dgestion both directly from the walls 


of the digestive tract and from blood vessels which 
extend through all segments from one end of the 
worm to the other. 

The anterior segments of an annelid worm show 
specializations related to feeding. It is here that the 
worm has a particularly important part of its nervous 
system, even when no head is recognizable. Most 
annelids can survive loss of the hinder end of the 
body, and even regenerate new segments to take the 
place of those lost. But even when a worm’s body is 
severed very near the anterior end, both pieces are 
likely to die. 

Annelids are the most efficient animals of worm 
body plan. They live in the bottom muds of the sea’s 
deepest abysses and in the almost oxygen-free sedi- 
ments below deep fresh-water lakes. Others inhabit 
the open surfaces of glaciers high on mountain shoul- 
ders, and the foliage along jungle paths where passers- 
by may furnish food. They perform midnight ballets 
at the dark of the moon in tropical waters, and till 
the soil in lands where winter’s frost reaches far below 
the surface. 

Annelids form an important part of the diet for 
many hydroids and anemones, corals and jellyfishes, 
flatworms and nemerteans, other annelid worms, 
crustaceans and insects, sea stars and serpent stars, 
fish, and a host of terrestrial vertebrates. Of the six 
thousand-odd kinds of living annelids, most swim or 
build shelters for themselves in the sea. 


200 ] 
































[continued from page 208 ] 

One leech in southern Chile {Macrobdella valdi- 
viana) reaches a length of 30 inches as a burrower 
in soil, probably depending for food on earthworms 
and insects; otherwise the 12-inch horse leeches 
(Haemopis) acting as predators in ponds and lakes 
over much of the world hold the record for size. 

One leech (Haemodipsa) in the moist jungles of 
southern Asia is terrestrial, and stays on foliage or 
tree trunks beside animal trails as much as 1 1 .000 
feet above sea level in the Himalayas. Holding firmly 
by its posterior sucker, it reaches out its slender 1 -inch 
body, ready to catch a victim and be carried while 
collecting a blood meal. The bite is painless but is 
often followed by an ulcer due to infection of the 
wound. And a few dozen of these leeches can with- 
draw substantia] amounts of blood, since each is un- 
willing to drop otf before its dimensions resemble 
those of a small cigar. Other leeches live in ponds and 
streams, the sea, and wet soil. 

Marine leeches are encountered on sharks and 
rays, although smaller kinds attack a variety of bony 
fishes. Branchellion is a very active leech which is as 
much as 9 inches long, highly distinctive because the 
sides of its dark-colored body bear lobed, fleshy, 
overlapping gills. Pontobdella has only little tuber- 
cles over the surface of its 3-inch cylindrical body. 
Both of these attack skates, but Pontobdella appears 
to favor sharks, especially the hammerhead shark. 
Smaller leeches, 1 inch or less in length, are some- 
times found among the gills of bony fishes. Smooth- 
bodied Piscicola is commonest on flounders, attach- 
ing itself to the upper side. Trachelobdella, with con- 
spicuous transverse wrinkles, seems less selective. 

Even the method by which a leech’s sperm cells 
reach the eggs seems bizarre. Each leech is a her- 
maphrodite, with both ovaries and testes. At mating 
season, one leech deposits on the back of another a 
small mass of mucus loaded with sperm cells. The 
mass remains cemented in place until the body wall 
becomes irritated and develops an open sore. Through 
this gap in the body defenses the sperms penetrate 
and work their way through the blood spaces to the 
ovaries, fertilizing the eggs there. Mes^nwhile the mu- 
cus mass drops off and the skin heals over. 

In fresh waters the turtle leech Placobdella is often 
found clinging to the skin at the base of the hind legs 
of pond turtles, including snapping turtles. While un- 
molested, its body remains broad, flat, and hand- 
somely patterned in yellow on a green background. 
But if disturbed, Placobdella drops off and curls into 
a ball that sinks quickly to the bottom. 

Glossiphonia, the common flattened leech of run- 
ning water, has a similar shape and color pattern. 
Both of these leeches are interesting because they 
lay their eggs in large gelatinous capsules, and each 
parent carries a capsule attached to the undersurface 


of the body until the young hatch out. Sometimes the 
young leeches cling for a week or more to the par- 
ent's back, and drop off one at a time. This may help 
get them distributed more widely as the parent swims 
about. 

Other leeches ordinanly deposit their eggs in a flat 
cocoon, attaching this to a stone or other firm sup- 
port in the water. In a few kinds the parent remains 
close to the eggs and protects them from disturbance 
for as much as three consecutive months. 

The common bloodsucker Matrobdella is dark 
olive-green, with a thin body as much as 6 inches 
long and of an inch in width. It frequents ditches 
and pond margins hunting for food of many kinds: 
frog’s eggs, tadpoles, worms, and insect larvae. It is 
particularly, sensitive to any vibrations in the water, 
however, and comes swimming to get a blood meal 
from Ash. frog, turtle, cow, or man. 

Picnickers should know that it is far easier to get 
an attached leech to drop off by sprinkling a little 
salt on its body than by pulling at the slippery, elastic 
animal itself. The same recipe is effective with the 
jet-black or chocolate-brown Herpobdetla, which 
manages to get a blood meal occasionally despite the 
fact that its month has neither jaws ( as have Haenu^ 
pis and Macrohdella) or a stubbing muscular pro- 
boscis ( as is found in Plai'obdella and Glossiphonia ) . 

The medicinal leech Hirudo medkinalis has gone 
somewhat out of fashion, although it may still be 
purchased over the counter of pharmacies in big cities 
of America, and more eadily on the European con- 
tinent and throughout Asia. It is cultured deliberately 
in fi.sh ponds, especially carp ponds, in Europe and 
the Orient, and has become a relatively docile ani- 
mal. Medicinal leeches released in New World lakes 
and streams have often succeeded in colonizing 
American waters. 

Hirudo medicinalis is so easy to handle that it will 
attach itself where guided. With iu clot-liquefying en- 
zyme hirudin it can remove the color-producing evi- 
dence of a bruise or a black eye. Or, in the ha^ of 
primitive medicine men, it will draw off load after 
load of ’’bad blood” in the practice of blood-letting. 
Application of a little salt to the engorged leech in- 
duces it to disgorge; the freshly wasM leech is then 
ready for another meal. 

So common was this use of leeches in die Middle 
Ages that physicians became known as ^leeches.** In 
1846 the French physician Moquin-Tandon calcu- 
lated that between twenty and thirty mfliion l ee ches 
were used annuafly in his country. By 1863 the hos- 
pitals in Paris were requisitioning cksee to siz million 
leeches a year, those in London another seven mil- 
lion. The requisitions usually spedfled full-grown S- 
to 6-Inch adult leeches because these have the largest 
capacity for bhxxL < 
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CHAPTER XVIII 


The Arthropods 

{Phylum Arthropoda) 



(Upper left) Orb-weaving spider and horseshoe crab; (upper right) 
velvet worm and lobster; (lower left) centipede; (lower right) bear 
animalcule and water flea 


F all the invertebrates, it is only members of 
the phylum Arthropoda that have mastered flight. In- 
deed, no other phylum of animals is so widely dis- 
tributed, from pole to pole, from the greatest abysses 
to the highest peaks, from glacier to boiling spring, 
as well as from the driest desert and saturated salt 
lake to the felt of moss kept perpetually wet by the 
misty spray from a waterfall. 

It is tempting to refer to the arthropods simply as 
‘*the insects and their kin,” for the insects, which be- 
long to this phylum, constitute three-quarters of the 
known kinds of animals. With other arthropods, in- 
sects share the possession of an external skeleton 
composed of hard cuticle, and jointed legs — the fea- 
ture from which the entire phylum derives its name. 
Typically, the hard cuticle is molted at intervals, al- 
lowing the animal to grow by a succession of steps 
during the few hours while the body wall is flexible. 
Typically, too, each segment of the body bears a pair 
of joint^ limbs. Commonly each leg ends in a pair 
of claws. 

By interpreting these features liberally and watch- 
ing for others that are found in arthropods about 
which no argument can be raised, it is possible to 
gadier into ftis huge phylum two minor groups — 
the tardigrades and the onychophorans — ^which ^ow 
aflSnities to other phyla as well. The remaining ar- 


thropods can be subdivided easily into those with 
true jaws and those without. 

The ”mandibulate” arthropods have as append- 
ages a pair of mandibles that do not end in claws. In- 
stead, they work from side to side as chewing or 
crushing organs, or are modified in ways making 
them useful in piercing or sucking. The mandibulates 
also have antennae, either two pairs as in crusta- 
ceans or one pair as in centipedes, millipedes, and 
insects. Moreover, their body appendages tend at 
the base to show a forked character. 

Ar^ropods without true jaws are spoken of as 
“chelicerate” because they all have associated with 
the mouth a pair of pincer-tipped' appendages, the 
chelicerae. Chelicerate arthropods all lack antennae. 
Their body appendages are never forked at the base, 
and the first pair behind the chelicerae are usually 
modified into fingering organs, the pedipalps. Chelic- 
erate arthropods include the marine horseshoe 
“crabs,” the arachnids (the terrestrial spiders, scor- 
pions, ticks, and mites), and the sea spiders. 

The Bear Animalcules 

{Class Tardigradd) 

An almost infallible method for collecting live 
bear animalcules can be applied after a day or two 
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same cement-like material, and the parent goes o(!, 
perhaps to repeat the process elsewhere. The young 
hatch with only three pairs of legs, but at each molt 
they add new pairs on new segments, acquiring four 
more legs at each molt. 

About 6500 different kinds of millipedes are 
known. In the tropics, some reach a length of 8 
inches and include dead insects and other bits of ani- 
mal matter in their diet. In California, the millipede 
Luminodesmus sequoiae is luminous; its eggs are not. 


The Horseshoe "Crabs” 

{Class Merostomata) 

When Sir Walter Raleigh led his expedition to the 
New World in 1584-1585, he fully expected to 
encounter strange kinds of animal life. To help peo- 
ple in the Old World become informed about any 
unusual creatures. Sir Walter brought with him two 
naturalists: Thomas Hariot, who would write accu- 
rate accounts of whatever was encountered, and 
John White, who would prepare watercolor draw- 
ings. The reports of these men, published in Eng- 
land in 1588 and 1590, made known for the first 
time a very ancient type of life now familiar to many 
people as horseshoe '*crabs.” 

Actually, the modern name is a corruption of a 
very good description given in 1870 under the name 
of the “horse-foot crab,” for the main part of the 
animars body does have the form of a horse's foot — 
not a horseshoe. Thomas Hariot used the Indian 


The honeshoe “crab*’ LimuUu polyphemua, a living 
fossil whose nearest kin today are scorpions and spi- 
den, breeds each spring in shallow waters. Femates 
deposit eggs in a beach near high-tide mark, and ac- 
companjring males deposit sperm on the eggs. (Flor- 
ida. Allan Gruickshank: National Audubon) 


name “se^kanauk,” and remarked that “it is about a 
foot wide, has a crusty tail, many legs, like a crab, 
and its eyes are set in its back. It can be found in salt 
water shallows or on the shore.*’ 

John White added, in the caption to his drawing 
showing these animals, that as the Indians “have 
neither steel nor iron, they fasten the sharp, hollow 
tail of a certain fish (something like a sea crab) to 
reeds or to the end of a long rod, and with this point 
they spear fish, both by day and by night.” 

Horseshoe crabs run along the bottom with a 
curious bobbing gait, or burrow shallowly in search 
of a variety of food: seaweeds, young clams, dead 
fish, marine worms. Or they swim inverted, some- 
times to the surface of the sea. At the end of a swim- 
ming bout, they may sink to the bottom and alight 
upon their backs. The stiff, pointed tail is then used 
as a lever in righting themselves. 

Seen from above, the horseshoe crab’s body is 
clearly armored but divided at a transverse hinge 
into a larger forward part and a smaller hinder part. 
The first bears the two large compound eyes and a 
pair of smaller simple eyes, and the second ends in 
the highly movable tail. TTie front portion of the 
body is a shield covering the four pairs of walking 
legs and two additional pairs of appendages asso- 
ciated with the mouth. The mouth itself is an oval, 
lengthwise opening between the leg bases. It gives 
the class Merostomata its name from the fact that 
the mouth extends over several segmental regions of 
this portion of the body. 

Most members of class Merostomata are known 
only from fossils. The class includes both the horse- 
shoe crabs (order Xiphosura — “sword-tailed”) and 
the extinct eurypterids (order Eurypterida) or sea 
scorpions. All of these animals seem strange in using 
the spiny bases of the walking legs for chewing the 
food, as though the animal’s shoulders took the place 
of jaws. 

Horseshoe crabs represent a style of life that has 
existed in similar situations essentially unchanged for 
at least 175 million years. All of the near relatives of 
these creatures have been extinct for even longer, for 
horseshoe crabs are not crabs at all. They are most 
similar to modem land scorpions and spiders, and 
quite unlike any of the crustaceans. 

From below it is easy to distinguish the sexes 
among horseshoe crabs. In place of a pincer-tipped 
chelicerae on each side in front of the mouth (as in 
the female), the male has sturdy leglike appendages 
ending in grotesque hooks. With this armament he 
can cling to the rear of a female’s shell for days or 
weeks at a time and be towed along by her until she 
is ready to deposit eggs. In both sexes the next pair 
of appendages are the pedipalps, used in feeding. 

l^e hinder portion of the Ixxly has a triangular 
outline and bears below it a series of overlapping 



transverse plates attached at their forward edges. 
Each of these plates protects a pair of gill books, of 
which the individual “leaves” are the respiratory 
organs. When a horseshoe crab swims, it flaps the 
plates with the gills and jerks the legs in a rhythm 
that propels the body along like an animated wash 
basin. 

In springtime the horseshoe crabs migrate to shal- 
low water, and the males hunt out the larger females. 
Sometimes a “cow” crab is seen pulling a chain of 
four or five males, each clipped to the rear of the one 
ahead. When her eggs are ready, the cow crab drags 
her escort on shore at some sandy spot while the tide 
is at its peak, and there burrows into the beach to 
lay. Weeks later, and long after the parents have sep- 
arated and reP'« * wd to deeper water, the young crabs 
emerge from the sand. They have virtually no tail 
and bear a superficial resemblance to the extinct tri- 
lobites; so the larva has come to be known as the 
'^trilobite stage” of development. Soon it transforms 
into a diminutive horseshoe crab. 

At intervals each growing animal gets too cramped 
in its shell and sheds it, molting to a larger size. Un- 
like other arthropods, however, the line of weakness 
which breaks and liberates the horseshoe crab d(^s 
not run down the midline of its back. Instead, a 
horseshoe crab splits along the forward rim of its car- 
apace and creeps out, as though escaping from its 
own mouth. The cast shell is left seemingly intact, 
and waves often cast it ashore where a beachcomber 
can pick it up. 

Young and comparatively soft-bodied horseshoe 
crabs fall prey to true crabs, fish, and many birds, 
including particularly gulls. Those that survive be- 
come comparatively immune to attack. Eels often 
follow horseshoe crabs into the breeding shallows 
and gulp in the eggs as fast as they are extruded. 
Coastal Indians used to eat horseshoe crabs, and ac- 
cording to Thomas Hariot they were “good food.” In 
more recent times, coastal fishermen have built traps 
to capture horseshoe crabs for use either as cheap 
nourishment for pigs and chickens or to be dried and 
ground as fertilizer. 

The horseshoe crab encountered by Sir Walter Ra- 
leigh's expedition was Limulus polyphemus. Today 
it is known from the Bay of Fundy all along the At- 
lantic coast to Key West, and at a scattering of plaon 
in the Gulf of Mexico as far as Yucatan. Formerly it 
may have been present in the West IndiM, for efld 
books on the natural history of Jamaica include il- 
lustrations of this animal. 

Counterparts of Limulus occur in the Orient: Cor- 
cinoscorpius and Tachypleus along the raasts of 
China, Japan, the East Indies, and one species as far 
as India in one direction, the Philippines in the other. 
Carcinascorpius^ readily invades brackish shallows, 
and has been found in the Hu|^ River at C al cutt a , 


ninety miles from the open sea, in water that Is prae- 
tically fresh. 


The Spiders and 
Their Kin 


iChss Arnichmda) 


In Greek mytholog)*, Arachne was a Lydian girl 
who grew so proud of her ability as a weaver that 
she challenge] the goddess Athena to a contest. For 
this impertinence Athena changed Arachne into a 
spider and condemned her to weave forever with silk 
from her own body. 

Most members of the class Arachnida are indeed 
skilled weavers, and the silk they produce is one of 
the most marvelously versatile materials in all nature 
But with some 29,000 diflereni kinds of arachnids 
known, wide variation is to be expected. This is the 
second most varied class of animals, exceeded only 
by the insects. 


SPIDERS 

Spiders (order Aruneae) are constricted conspic- 
uously between a ccphalothorax and an unsegmented 
abdomen. Their webs cun be found almost anywhere 
on land Charles Darwin reported them near the 
Equator in mid-AtInitic on the remote, isolated, 
guano-covered cluster of rocks known as St. Paul’s 
Island — halfway between the bulge of Africa and the 
bulge of South America. Fhe British expert on spi- 
ders, Dr. Thomas H. Savory, recorded jumping spi- 
ders trailing silken threads at 22,000 feet above sea 
level on Mount Everest, a good 4000 feet above the 
highest plant and with no other animal life for com- 
pany. He concluded that cannibalism was their only 
way of existence, and in this they had to depend upon 
a continuous immigration of more spiderlets, ri&ng 
the mountain winds on balloons and parachutes of 
self-made silk. 

Wherever a spider travels, whether by running or 
leaping, it ordinarily spins out a fine straind of sfOt on 
which it can go back in an emergency. In addition, 
most spiders produce webs of some kind 

Early in the 1 800 ’s, the French entomologist P. A. 
Latieille classified the webs of spiders into four main 
groups: those of circular form summndad in a verti- 
cal plane, such as the familiar orb web of the ganta 
spider; those with supporting strands in aB difections, 
such as the house spider weaves in window oomem, 
or with a horizontal sheet of web amoqg boahes or on 
the ground, such as the work of the doOy spiders; 
those of funnel shape, expanding from s|me cieviee 
or natural hole in which the qtider waits Vor ptey Id 
pass; and tubular wdw 91m in a hoia dqg by Ihi 
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CHAPTER XIX 



The Echinoderms 

{Phylum Erhhwdmnata) 


(Left) sea star, serpent star and sea cucumber; 
(right) sea lilies and (below) sea urchin 


NE of the delights in visiting the seashore is to 
find sea stars (starfishes) and sea urchins, brittle 
stars, and sand dollars. Or perhaps a sea cucumber. 
Their symmetries, their strange movements, are fas- 
cinatingly different from those of any creature found 
on land. Even after a naturalist has enjoyed years of 
acquaintance with echinoderms, they remain a great 
enigma. Almost none of their actions resembles the 
activities of other kinds of animals. Yet in their em- 
bryonic development and some features of the adult 
animal, they show remarkable similarities to chor- 
dates such as ourselves. 

The name echinoderm comes from the Greek 
echinos, a hedgehog, and derma, the skin. The word 
is most suited to sea urchins, whose bodies are armed 
with movable spines. 

A sea urchin or sand dollar differs from a sea star 
or brittle star in that its skelqten is composed of inter- 
locking plates that cannot be moved. The stars, by 
contrast, can be real contortionists if given time to 
change position. When first picked up a star may 
seem stiff. But its skeleton, just inside the skin, con- 
sists of separate pieces, each hinged movably to 
neighboring ones. Muscles keep the star from feeling 
fleidble in human hands. Sea cucumbers may have 
granules of lime embedded in the skin, but the body 
wall is comparatively soft. 

A century and a half ago, the great French zoolo- 
gist Baron Georges Cuvier groupN^ the echinoderms 


with the jellyfishes as ''radiate” animals. But when the 
development of echinoderm eggs is followed, each 
embryo is found to develop into a bilaterally sym- 
metrical larva. Later it takes on a modified radial 
symmetry with five similar sectors. Since the animal 
develops no head end, it comes to show distinctly only 
an oral surface bearing the mouth and an aboral 
surface opposite this. 

Sea cucumbers are unique among echinoderms in 
giving up the radial pattern after acquiring it. They 
lie over on one side, and thereby gain anew a distinc- 
tion between right and left, between upper and lower 
surfaces. 

Sea lilies are found almost exclusively at depths 
that neither a beachcomber nor a skin diver can ex- 
plore. They live permanently attached by long, slen- 
der stalks to the bottom, and are so fragile that their 
remains are unrecognizable when washed ashore. 
Their more modern relatives, the feather stars, in- 
habit also waters nearer land. They begin a sedentary 
life, but become detached and can swim gently by 
convulsive flapping of the arms. 

In all of these animals the body cavity is sub- 
divided, one portion forming a water-vascular system 
peculiar to echinoderms. This system consists of a 
ring-shaped tube encircling the gullet, and five radial 
tubn (^canals”) extending into the five sectors of 
the body. This hydraulic system receives its fluid 
either from the body cavity (in sea lilies, feather 
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stars, and sea cucumbers) or the outside world of 
sea water. In the latter case it enters through a pore 
connected to the ring canal by a slender tube (the 
“stone canal”) whose walls are stiffened by deposits 
ot lime. 

In sea cucumbers, sea urchins, and sea stars the 
water-vascular system serves in locomotion. Its radial 
canals communicate with an extensive series of short, 
paired tubes, each with a muscular bulb and an elon- 
gated, hollow tube-foot that projects from the body 
surface. A tube-foot combines muscular and hydrau- 
lic mechanisms. It is extended by contraction of the 
bulb, forcing liquid into the cavity of the tube-foot; 
muscles in the walls of the tube-foot control the di- 
rection of extension. 

The tip of a tube ' jot is a small, glandular suction 
disk by means of which the echinoderm can attach 
the sticky tube-foot to solid objects. Contraction of 
longitudinal muscles of the tube-foot shortens it and 
forces water back into the bulb, pulling the echino- 
derm along or shifting the movable object to which 
it holds. Teams of tube-feet also cooperate in carry- 
ing the body, in policing its surface, or in supporting 
bits of seaweed, rock, or coral as a shade against 
strong sun in shallow water. 

Echinoderms maintain an important fluid in the 
body cavity, taking the place of blood. It is shifted 
from place to place by patches of cilia. In this fluid, 
ameba-like cells move around freely, serving much 
as white blood cells do in vertebrate animals. Some sea 
cucumbers have red blood cells too, but with a hemo- 
globin differing chemically from that of vertebrates. 

In their response to the environment, echinoderms 
manage with a minimum of complexity in the nervous 
system. It consists primarily of a ring around the 
gullet, parallel to the ring canal of the water-vascular 
system. From the nerve ring extend radial nerves 
that branch profusely. In most echinoderms they end 
blindly, yet appear able not only to coordinate the 
movements of the animal but also to report on chemi- 
cal substances in the surrounding sea, on conditions 
of light and shade, on vibrations of many kinds. Free 
nerve endings thus take the place of specialized sense 
organs. 

Echinoderms generally are very casual about re- 
production. In most instances, parents never meet. 
They merely cast their eggs and sperms into the se^ 
each to find the other by sorting themselves out in 
the surface water from among a thin soup of repro- 
ductive products of many species. Retention of the 
eggs and some degree of maternal care are found in 
each class, however; often they are correlated with 
life in polar waters. 

Members of this phylum use many of the same 
basic body features found in the vertebrates, but 
emphasize each is a very different way. As in the 
chordates and no other phylum of aninials, they de- 


velop an internal skeleton. But instead of coordinating 
that skeleton with muscles as a device important in 
locomotion, the> hide inside it as a shelter. Ra^ 
symmetry seems to imply a readiness to withdraw, 
moving away from molestation in any direction. Yet 
with this different approach to life, often paralieiing 
ways found among coeicnterates, the echimxlerms oc- 
cupy every habitat available in the seas, from ooi)* 
muds at the greatest depths the sandy heach and 
the most wave-pounded rocky coasts. 


The Crinoids C ritufkiea ) 

These delicate and often colorful creatures are 
unique among echim»derms in that they live with the 
oral surface uppermost. For food they depend upon 
capturing small animals and plants drifting past them 
in the sea, reaching out for this nourishment with 
arms that may be more conspicuous than the body 
to which they are attached Usually each arm is 
fringed along both sides with a row of short, tapering 
branches, and suggests the fronds of a fern or the 
petals of u lily. 

Most crinoids hi Ve five arms, each forked near the 
base — producing ten flexible appendages, in many 
species the arni.s continue to branch and rebranch 
with increasing size of the animal. Sea lilies rarely 
have more than 40 arms; s^mc possess only 5. Feather 
stars may produce up to 2'K) arms. Most of the many- 
armed forms are from tropical and subtropical seas. 
Cold-water or deep-sea forms usually bear 10 arms. 

Modern crinoids gather food by means of a method 
believed to have been used by all primitive echino- 
derms. Along a ciliated groove in the upper, oral 
surface of each arm and its side branches, delicate 
finger-like tube-feel respond to the arrival of each 
fo^ particle by bending quickly inward. This action 
throws the food into the mucus-filled groove, where 
it becomes entangled and is swept to the nuMith. 

Sea lilies remain for long periods, and possibly for 
life, anchored to the bottom, mostly in water from 
600 to 15,000 feel deep. Feather surs seldom venture 
below 4500 feet. Sometimes they swim languidly to 
the surface, or can be found near shore in shallow 
water. Feather stars living where sunlf^t reaches 
them often have beautiful colors, perhaps e s ceed ed 
by no other marine animals. Some are bright red, 
others purple, green, orange, golden, whto. Mack, or 
even variegat^. 

All living crinoids belong to the same order. All go 
through a swimming embii^ic stage that is sliglitly 
gourd-shaped, encircled by several rings of cOia, and 
bearing a little tuft of sensory hairs at one end. As 
skeletal plates begin to form, the embryo lomes jto 
test on the bottom, becoming a tt ac h ed these- 



SEA LILIES 

UntU 1873, sea lilies were believed to be extinct, 
represented only by fossils in ancient rocks. Then, 
at the dawn of oceanography, scientists aboard the 
famous British research ship H.M.S. Challenger be- 
gan peering at animals from the sea bottom, brought 
to light in special sampling dredges. Among the col- 
lections, they found sea lilies still alive. About eighty 
species are now known to live in the oceans, each 
animal with an upright, flower-like body supported 
from the bottom mud by a slender stalk. For them the 
name of the class Cnnoidea is particularly appropri- 
ate. It comes from the Greek krinos, a lily, and the 
ending -old, similar to. 

A dredge dragging along the sea bottom on the 
end of a mile of steel cable is not particularly gentle. 
It gathers indiscriminately, often breaking of! forms 
of life attached in the ooze. In consequence, no one 
was certain for many years just how modern sea lilies 
were anchored. Then, as oceanic telephone cables 
were raised for repairs, a few stalked crinoids were 
found attached to them. In most cases they ended in 
a set of remarkably rootlike extensions, wrapped 
around the covering of the communication wires. 
Other sea lilies have a stalk tapering to a curled end, 
capable of wrapping around solid objects. Or they 
wear a set of grappling hooks, or a bulblike swelling, 
or a flat circular disk. All of these are able to resist 
most pulls that would tend to dislodge the animal 
from the bottom sediments. 

The stalk itself is supported by a long series of 
skeletal pieces, giving it a jointed appearance. In 
living crinoids the stalk may be as much as 20 inches 
long. In members of one suborder it is ornamented 
at intervals by short tendril-like extensions (cirri). 
Apparently these sea lilies sometimes break away 
from the bottom and thereafter move from place to 
place, propelling themselves by awkward movements 
of the branching arms or holding temporarily to Arm 
objects with the cirri. Members of another suborder 
have no cirri or only rudimentary ones, or cirri only 
at the attached end of the stem. 

Often the skeletal pieces of the stalk have made 
highly resistant fossils. The flower-like crown, which 
is the main body of the animal, is less sturdy. Yet 
intact fossils have been found with stalks over 70 
feet long and as many as 200 branches of the five 
arms. Altogether more than 5000 kinds of extinct sea 
lilies have been discovered, some of them dating back 
nearly 700 million years. Probably modem seas are 
less hospitable to sea lilies and they can be regarded 
as “living fossils,*' and perhaps as candidates for ex- 
tinction. 

Recent work by oceanographers in arctic waters 
has led to the discovery of a few kinds of stalked 
crinoids in large numbers at a depth of barely fifty 
feet. Apparently they take advantage there of the 


wealth of microscopic food that thrives, in turn, be- 
cause upwelling currents bring dissolved nutriment 
from the bottom. 

FEATHER STARS 

Feather stars (Plate 135) are the best-known of 
crinoids, with about 550 different species. They begin 
life much as do the sea lilies. But after establishing 
themselves on the bottom with a slender stem, they 
break away from its upper end and thereafter lead a 
free existence. Around the area where the stem was 
attached, each feather star wears a cluster of cirri 
and uses these for holding to submerged objects. It 
then spreads its arms gracefully to the sides, usually 
curling their tips upward, and waits while small parti- 
cles of food drift within range of its cilia-driven feed- 
ing currents. 

Along the Atlantic coast from the Arctic to Long 
Island, New York, a grayish feather star with brown 
bands is found at depths from 90 to nearly 6000 
feet. It is one of the many species of Antedon found 
on both sides of the Atlantic, and uses its ten long 
arms in the characteristic swimming movements. 
With mouth upward, the arms spread as much as 8 
inches across. Five of them move down with delicate 
side branches (pinnules) spread while the alternating 
five arms rise with pinnules drawn together. If the 
animal becomes inverted by swimming into a current, 
it may settle to the bottom and there right itself. The 
arms on one side are used as levers to raise the body 
from the surface while the opposite arms reach around 
and catch hold. 

On the eastern side of the Atlantic, another Ante- 
don clings to seaweeds in comparatively shallow 
water, and British trappers of seafoods find it tem- 
porarily attaching itself to the wicker traps set for 
crabs and lobsters. In Jamaica and Barbados, British 
West Indies, a Tropiometra with brownish golden 
arms clips its cirri to coral rock in water as little as 
six feet below low tide. These tropical animals are 
more suitable for a skin diver to examine, for they 
do not break to pieces (as Antedon does) when 
touched. If freed from the bottom by chiseling loose 
the piece of coral, they will let go of their own accord 
and seize the diver's fingers tenaciously in their cirri 
as the next best support. 

Feather stars are most abundant in the waters of 
the Sulu, Celebes, and Banda Seas, in a triangle 
pointed at New Guinea, Borneo, and the north island 
of the Philippines. They are fewest in the Atlantic 
and eastern Pacific, and clearly favor rocky bottoms 
or coral reefs in preference to sand or mud. The 
smallest adult feather stars, 1 inch across, live in 
the West Indies and in abysses of the Pacific Ocean. 
The largest is HeUometra glacialis, reaching 3 feet 
in diameter in ice-cold water at the west side of the 
Okhotsk Sea north of Japan. 
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Sea Cucumbers 

{Class Holothuroidea) 

A person need wade out only knee-deep around 
many of the Florida keys to encounter, lying con- 
spicuously exposed on the muddy bottom, large sau- 
sage-shaped creatures 1 foot or more in length and 
better than 2 inches in diameter. Against the pule 
gray surface on which they lie, the contrast may be 
striking: dark brown with light spots, or brick red 
with raised lumps of black or dark brown. They are 
sea cucumbers (Plates 140, 141 ), with a name given 
them (Cucumis marinus) in the first century a.d. by 
Pliny, the Roman ^ ider and encyclopedist. 

Upon closer examination, none of the usual clues 
is evident to show which is the head end of the ani- 
mal. As it lies there quietly, both ends of the cucum- 
ber appear to be doing something. At one end, an 
opening appears, sometimes as much as I inch in 
diameter. If the water is shallow, a current may be 
noted pouring out of the opening. Or the sea cucum- 
ber may be taking in water just as rapidly. The move- 
ments of the opening and the slow enlargements and 
contractions of the whole body suggest a sort of 
underwater whistling. Actually, they arc breathing 
movements and, in this unusual animal, occur at its 
rear end. 

As though further to astonish the beachcomber on 
tropical and subtropical shores, a sea cucumber may 
be found from which a fish’s head projects. The fish 
is very much alive, and the cucumber’s breathing 
movements simply take in water or expel it around 
the fish. If nudged, the fish may swim out. exposing 
a slender tapering body as much as six inches long. 

Usually a minor drama follows at once. The 
blenny-like fish turns back immediately to the side 
of the sea cucumber and moves about along the sur- 
face, evidently searching for the respiratory opening 
again. Often the sea cucumber closes the aperture 
tightly, as though to keep the fish from returning to 
its refuge. But eventually the need fgr oxygen be- 
comes too great. The cucumber opens again, the fish 
slips in either tail first or head first (and turns around 
immediately). 

The cavity into which the fish goes is the cloaca of 
the sea cucumber, a chamber serving not only respira- 
tion but also as a common exit for wastes from the 
digestive tract and sex cells from the reproductive 
system. Sea cucumbers are unique in having a 
of generously branched ‘‘respiratory trees” extending 
blindly from the cloaca far forward in the body cavity. 
Through their walls oxygen and water pass, keeping 
the otto internal organs aerated and maintaining the 
plumpness of the cucumber’s body. 

At the opposite end of the animal a set of tentades 
moves slowly, obtaining food. In most sea cucum- 


bers, including the large kinds found near shore in 
tropical and subtropical waters, these soft organs 
atound the mouth shovel the surface mud Into the 
digestive tract, letting the animal get the nourish- 
ment from a great assortment of microacopk life, 
especially diatoms The gritty residue is expelled from 
the cloaca, and sometimes accumulates into oonspicu- 
ous heaps. The late Professor W. J. C'roxier estimated 
from measurement.^ of the cones of debris that the 
sea cucumbers on each acre of bottom in one region 
off Bermuda would pass between 100 and 200 
pounds of sand fhiough their bodies annually. 

Substantial amounts of the nourishment obtained 
by a sea cucumber arc stored in its body wall. There 
the food rtserve usually gains protection from a 
slimy, leathery skin in which are embedded little 
limy secretions of remarkable variety. Some are mi- 
croscopic plates perforated by many holes. Others are 
knobby rods, or anchor-shaped, or resembling a con- 
crete bird bath or a wheel with spokes but no rtm. 
Fach species has its own distinctive limy granules. 
Only a few kinds lack them altogether. 

Many of the larger sea cucumbers that live close 
to shore supposedly discourage attack by fish and 
crabs throu^ the presence of a poison ( holothurin ) 
in their skins. If extracts of it are injected into mice, 
they die quickly. The presence of certain sea cucum- 
bers in an aquarium tank may be enough to poison 
any fish present. With s ime of the large subtropical 
and tropical cucumbers, the effect sometimes persists 
in a tank for weeks after the echinoderm has been 
removed and the water changed repeatedly. 

Large cucumbers belonging to the genera NoUh 
thuria ( Plate 141 ) and Actinopyga have ready a truly 
astonishing defense against animals that molest them. 
Associated witli the region where their respiratory 
trees open into the cloaca they have short tubules cif 
red, pink, or white color. If the echinoderm is dis- 
turb^ seriously or repeatedly, k slowly turns its body 
until the cloacal opting faces the moiesier, then 
performs a general contraction and proceeds to send 
out the slender tubules in grant numbers. The blind 
ends of the tubules may be enlarged; almost always 
they are very sticky. And as they emetige from the 
cloacal opening, they become dardng, adhesive 
threads that, in a minute or less, can so enmesh a 
crab or lobster that it b immoMiaed. The coeiiitito 
frees itself from the tubules and moves slowly away 
as though nothing had happened. 

With provocation these and many niaiad aea cu- 
cumbers will perform a far more amariqg txiefc. Wkh 
a single powerful contraetkm thejr turn thamaaivei 
pardy inside out— chfowiqg out the raepi r aioty traaa* 
the reproductive organs, and aometinies ^pma of tha 
mtestiim as well. Att of them emerge auddamy thfoai^ 
the cloacal ojmntogm a taggM mam ow y d ae o^ 
a crab or 6ih. From these too the ceeutehir aspaiama 








of sediments. The feeding tentacles are fleshy, some- 
times with a few finger-like extensions at the ends. 

According to Japanese scientists, molpadonias 
feed particularly rapidly. An individual may move 
from 125 to 150 pounds of bottom sediments through 
its 7-inch body annually in extracting nourishment. 
One of this type of cucumber is Caudina arenata, 
found from Rhode Island to the Gulf of St. Lawrence 
between 100 feet below the surface and low-tide 
mark. Its tail tip can be found exposed from the sandy 
mud, and used to capture the buried cylindrical ani- 
mal. The body may be 1 inch in diameter and 7 in 
length, in hues ranging from deep purple to flesh- 
color. 

Some sea cucumbers are wormlike, lacking tube- 
feet and respirator)' trees. Usually the body wall is 
very thin, often translucent, and the animal itself is 
more active than most other holothurians. Several 
kinds with this shape of body burrow in the mud and 
can bury themselves in five to six minutes. Others, 
while only partly grown, swim to the surface at night 
by a curious twitching movement of the body, sug- 
gesting a scissors kick. 

Synaptula is one of the commoner wormlike sea 
cucumters. It can be found clambering among sea- 
weeds and through coral reefs. When fully extended 
a Synaptula may reach a length of 3 feet, yet be 
no more than Vi of an inch in diameter. Some mem- 
bers of this genus have openings through the wall of 
the intestine in the female, thorough which sperms 
from sea water reach the eggs in the body cavity. 
Thus fertilization is internal, and the embryos develop 
for some time in the body cavity before being cast 
out into the sea. The young of Chiridota rotifera, a 
wormlike sea cucumber of shallow water in the West 
Indies, reach the same body form as the parent be- 
fore they emerge, and this sea cucumber is truly 
viviparous. 

Sea Stars {Class Asteroidea) 

For many people, a starfish, better called a sea star, 
is, a clear symbol of marine life (Plates 118-130). 
They are aware that animals of this type are never 
found in fresh water or on land. Sea stars are strictly 
bottom animals, chiefly of the margins of the sea. 
They range in size from less than Vi of an inch in 
diameter to more than 3 feet across, and in shape 
from regular stars with five or more arms to pentago- 
nal and almost circular. Yellow, orange, pink, or red 
are the commonest colors, but gray, green, blue, and 
purple ones can be found. 

Most sea stars take mollusks as their favorite food, 
but some eat sea urchins, sea cucumbers, and other 
sea stars. A few catch small fish and shrimps. Perhaps 
a majority will devour carrion on the bottom. Sra 


stars of certain kinds swallow soft mud and digest 
the organic matter, as do so many other echinoderms. 

A sea star's arms are actually part of its body 
rather than appendages. If one of these animals is 
turned upside down to expose its mouth surface, each 
arm is seen to have a lengthwise groove filled with 
moving tube-feet. Within each arm the star has also 
one or two branches of its reproductive organs, and 
often extensions from the digestive tract as well. 

If the inverted sea star is balanced for a few sec- 
onds on the back of a person's wrist, it may take hold 
firmly enough to hang from the human hairs after the 
wrist is turned over. Its grip is not strong enough to 
pull out the hairs, but once attached in this way, it sel- 
dom will let go. 

This trick is not due to tube-feet, for stars have 
none of these organs on the aboral surface. Instead, it 
is a demonstration of strange little modified spines 
(pedicellariae) by means of which the animal ordi- 
narily polices its body. Each pedicellaria commonly 
has the form of a pair of pincers, or of a little clam 
shell lying in a minute pocket of the surface. The 
parts open or close under muscular control. Sea ur- 
chins are the only other animals in the world with 
pedicellariae. 

Between the pedicellariae over much of the star's 
aboral surface, small domes of soft skin show where 
the body cavity is separated from the sea by only a 
thin layer of tissue Here the blood can exchange car- 
bon dioxide for oxygen. Elsewhere the outer surface 
of the star, like the lining of its digestive tract and the 
corresponding parts of sea urchins, cnnoids, and brit- 
tle stars, is covered by cells with cilia. These propel a 
thin film of mucus from glands and, on the outside of 
the body, efficiently keep it clean by sweeping away 
any debris that falls on it. 

One or more madreporites, flat plates perforated 
by many holes, can be found on the aboral surface of 
a sea star. Through these the water-vascular system is 
connected to the ocean. Most sea stars have only one 
madreporite, and naturalists have often used this land- 
mark as a guide in trying to learn whether a sea star is 
actually so versatile that it will travel with equal readi- 
ness in all directions, letting any arm lead the way. 
Some few kinds and occasional individuals seem to 
show a distinct preference. For the rest, the radial 
plan extends to habits, and all arms are equivalent. 

When a star rights itself after falling on the bottom 
with mouth up, it shows little partiality for one way or 
another. Yet for a patient observer, the star’s move- 
ments provide a wonderful demonstration of its re- 
markable flexibility and muscular control. The crea- 
ture may take anywhere from two to ninety minutes 
to get back on its tube-feet. 

Some stars turn over by use oi the ‘*tulip method.” 
Slowly they bend all of their arms in the same direc- 
tion, perhaps raising them around the mouth like the 
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petals of a tulip. The disk of the body becomes 
rounded and the animal is no longer in balance. It 
topples to one side, and then proceeds to curl the un- 
der arms and take hold of the bottom with its tube- 
feet. Eventually it reaches the ordinary outspread po- 
sition, mouth downward. 

Other stars use the tulip method in reverse, bend- 
ing the arms away from the mouth, rising up like an 
inverted flower until they topple or can grasp the bot- 
tom with extended tube-feet on some one or two 
arms. 

A great many stars, when righting themselves, ac- 
complish the same end with far less obvious move- 
ment. Just the tips of one or two arms (usually two) 
curl under, awa" T oni the mouth side of the animal. 
Their tube-fc,. gain a hold on the bottom and, with 
this beginning, the star proceeds to walk under itself, 
the region of bend shifting nearer and nearer the disk 
of the body. Finally the remaining arms may be raised 
free of the bottom, and the slow somersault is com- 
plete. Or the folding may continue all the way to the 
tips of the opposite arms, none of them ever being el- 
evated into the water. 

The tube-feet of sea stars are stout organs. Yet, un- 
less the star is climbing a vertical surface, they appear 
to push rather than to pull. Muscles in their walls 
serve to aim the tube-foot as it is extended by hydrau- 
lic pressure from the water-vascular system. C'ontrac- 
tion of longitudinal muscles shortens the tube-foot 
and expels the water. 

It is on tube-feet slanting away from the animal in 
a backward direction that real force is applied. As 
these tube-feet are inflated with water, they push the 
body along very much as a man's feet push against the 
ground in walking. A sea star strides very slowly on a 
multitude of tube-feet all out of step with one another. 
But in this way it can walk on soft mud as well as on 
hard surfaces to which it clings. 

At the end of each arm, a star has one or more 
tube-feet of a different sort. They lack suckers and ap- 
pear to be feelers, especially sensitive to vibrations 
and chemical substances in the water. With them a 
sea star can be repelled by a salt crj^tal or attracted 
to a piece of clam. 

In all but certain deep-sea starfishes, each arm has 
at its tip a small cushton-like area that bears a cluster 
of simple eyes. In most species this light-sensitive area 
appears as a red spot. Often a creeping star curls the 
tips of its arms upward, as thou^ to peer vaguely in 
the direction of movement by aiming the eyespot at 
the surrounding bottom. 

Nearly 2000 different species of sea stars have been 
discovered, the greatest number from northern parts 
of the North Pacific Ocean. Living sea stars all telong 
to three great ojrders, separated upon inconspicuous 
details of the pe^cellariae and skeleton. FamUiar and 
remarkable sea stars are included in each of the three. 


THE EDGED SEA STARS 

A maj^Kity of deep-sea stars bekmg lo the order of 
"'edged sea stars" (Phaneroionia), the record for 
depth being held by Attmtrossasier Hchanli, dredged 
from 19,700 feel below the surface near the Cape 
Verde Islands. This order has many members too in 
waters a beachcomber or skin diver can reach. 

Edged sea slurs usually have a sharp boundary 
tween the upper and lower surfaces. Along the mar- 
gin of the often broadly joined disk and the arms, eii- 
pecially large skeletal plates commonly form two rows 
(Ceramasier. Plate 130). These marginal plates, to- 
gether with the ones that cover the upper surface with 
a kind ofmosaic pavement, give rigidity to the sea star. 

Many •edged sea stars have pointed tube-feel with 
'lO suction tip, and live normal lives with neither ped- 
icelluriac nor an anus. These are all features of the 
common, sluggish mud star Cifm»dmu% trixpaius, 
and of the various kinds of Pstiaster, Asiropecten, 
and Leptychastrr encountered ak>ng muddy coasts of 
the northern hemisphere 

CienodiscuscrispatuA itself is a short-armed, blunt- 
tipped creature with a hroud yellow disk It sinks it- 
self just below the surface of mud flats from shore to 
depths of at least 60(X) feet along coasts of both the 
North Pacific and North Atlantic. Full sixe — 3 to 4 
inches across — is probably reached by the time it is 
three years old, showing that the mud star is really 
efficient at extracting fcx)d from the sediments car- 
ried to its mouth b> a veil of mucus propelled by 
the ciliated cells of the skin. 

The arms of Psilasier. Axtropecien, and LuUUa 
(Plate 123 ) are pointed «ind fur longer than those of 
Ctenodiscus. Psilasier andromeda needs about four 
years to reach the full 4-inch spread of its slender 
arms, feeding on small urchins, little clams, mussels, 
and microscopic life in surface sediments. Recently- 
dead Psilasier arc often washed ashore, for they live 
in waters as shallow as 60 feet and from there to more 
than 2500 feet below the surface on both sides of the 
North Atlantic — from Delaware Bay to Greenland 
and down the eastern shores to the C ape Verde Is- 
lands off the westward bulge of Africa. A geladnoys 
secretion on the aboral surface of this star makes it 
slimy to the touch. 

The -pecien of Astrvpecien is the comblike fringe 
of spines attached to the roargmal platoi, Msny of 
these stars arc large ones. A. ankidaiUM and A. cits- 
gulatus both reach 10 inches In spaa. The flormer 
lives in comparatively shallow water from New Jersey 
to the Gulf of Mexico, and can be bright orange or 
purple above and yellow below with oragge-red mar- 
gin^ plates and purple spines. A. cingtdatiiM inhabils 
deeper water and usually b colored moifdibUy, 

Still ocher species of Astropecten are the cemgioo- 
est shallow-water sea stars in the Madifemiiiain. 
They compensate for lack of luctioo cups eai Aa 



tube-feet by having particularly large mouths, and 
engulf astonishing numbers of smaU animals. One in- 
dividual of A. auranciacus from the Mediterranean 
was found to have swallowed ten scallops, six Tellina 
clams, five tusk shells (scaphopods), and several 
snails. Another species in the same region dines reg- 
ularly on young sea stars, brittle stars, bivalves, snails, 
segmented worms, and assorted crustaceans. Snail 
shells regurgitated by Astropecten stars along the Pa- 
cific coast of America are so intact and empty that 
hermit crabs adopt them while house-hunting. 

Leptychaster arcticus has a larger body disk than 
members of Psilaster or Astropecten and differs from 
them in lacking spines on the marginal plates. Fully 
grown individuals seldom exceed 1 Va inches in diam- 
eter, but they are well worth examining closely since 
this is a sea stai that may brood its young. It is found 
in cooler coastal waters of both the North Atlantic 
and North Pacific. 

Brooding in these stars seems related to low tem- 
peratures and, as among sea cucumbers, to echino- 
derms that produce larger eggs than is usual, hence 
with plenty of yolk as stored food. In Leptychaster 
uber of the northwest Pacific and L. kerguelenensis 
from close to Antarctica, up to thirty young are car- 
ried in depressions of the greatly stretched aboral sur- 
face of the parent. 

Edged sea stars whose tube-feet have suction tips 
are better able to hold a shellfish while attacking it as 
food. The largest group with this characteristic (fam- 
ily Goniasteridae) includes perhaps the most bril- 
liantly colored sea stars of Australian waters, and 
has representatives in many other parts of the world 
as well. Thick, massive plates border the broad-based 
arms, and the whole aboral surface is commonly 
roofed by a mosaic of skeletal pieces under a smooth 
or granular skin. Mediaster aequalis is studded above 
and below with compact little paxillae, giving the ap- 
pearance of everlasting flowers in a honeycomb pat- 
tern. It is found in shore waters along the Pacific 
coast from Alaska to California. 

The largest sea star of the Atlantic coast of Amer- 
ica is Oreaster reticulatus of Florida, the Bahamas, 
and the West Indies. The name reticulatus refers to 
the network pattern evident on the upper surface, 
where the parchment-thin skin sags a little between 
the mesh of the bar-shaped skeletal plates. Like oth- 
ers of its family, it is a massive animal, quite thick in 
the middle. Specimens measuring 16 to 20 inches 
across are often displayed as trophies of the sea. They 
may be almost any color from deep purple through 
maroon, orange, green, or bluish, with bright yeUow 
points where the skeletal plates join one another at 
pitominent rounded spines. O. nodosus, brilliant in 
red and blue, is equaUy admired in the Indo-Pacific. 

The marginal plates in Linckia (Plate 129) are 
much less evident on the more-or-less cylindrical 


arms. The whole body is clothed in rounded or squar- 
ish plates, often with a pebbled surface. L. guildingi 
inhabits tropical waters of all oceans. L. colombiae, 
which grows to as much as 4 inches across, can be 
found on rocky shores from Los Angeles, California, 
to the Galdpagos Islands off Ecuador. All of these 
animals show spectacular powers of regeneration, for 
even a piece of an arm less than of an inch long 
can reorganize itself into a whole new sea star. At 
least part of the body disk must accompany a whole 
arm for such a fragment of any other kind of sea star 
to regenerate the missing parts. 

THE SPINY SEA STARS 

A connoiseur of sea stars recognizes those with 
conspicuous spines over much of the upper and lower 
surfaces as being very different from any of the edged 
sea stars. These features are marks of a spiny sea star 
(order Spinulosa), the skeleton of which usually 
consists of a network of limy bars or of plates over- 
lapping one another. The boundary between oral and 
aboral surface is rarely evident on the body or arms, 
and while the tube-feet always have suction tips, ped- 
icellariae are rare. 

One of the commonest spiny sea stars of western 
Europe and the Mediterranean is Asterina 'gibbosa, 
which is covered on both surfaces by tufts of small 
spines. It is found along the Atlantic coast of Africa 
as far as the Azores, and is known to vary its diet of 
mollusks with meals on sponges and sea squirts. 

The red or orange sea bat, Patiria miniata (Plate 
126), is almost equally familiar along the Pacific 
coast from Lower California to Alaska. Its oral sur- 
face is decorated with tufts of spines in the form of 
little fans fitted together, whereas the aboral surface 
is granular, with curved plates forming an attractive 
pattern. It seems to be particularly omnivorous, often 
eating seaweed, sponges, sea urchins, squid eggs, or 
spreading its thin surface against surfaces upon 
which diatoms are growing. It will digest them away 
from even the glass side of an aquarium. 

Sometimes the appetite of a spiny sea star cannot 
be predicted from an examination of its body. The 
broadly pentagonal Anseropoda placenta of western 
Europe and the Mediterranean is a burrowing species 
of wafer thinness. Yet it engulfs other echinoderms, 
snails, little clams, and a great variety of small crusta- 
ceans — even hermit crabs. It seems impossible for 
any animal to eat so much and stay so thin. 

The blood star, Henricia sanguinolenta (Plate 
125), is seldom more than 3 inches across, but its 
rich red color and graceful pointed arms make it a fa- 
vorite with beachcombers from Greenland to Cape 
Hatteras on the western side of the Atlantic, and to 
the Azores on the eastern side. Some individuals are 
rose-colored, others orange, or purple, or even mottled 
with creamy yellow. The arms are always smoothly 
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teeth that come together toward the outside and the 
center of the oral surface. Aristotle, who discovered 
this organ in the fourth century B.C., described it as 
resembling “a horn lantern with the panes of horn 
left out," and it has been called '^Aristotle's lantern" 
ever since. With it a sea urchin can chew a wide 
variety of foods and possibly also excavate living 
spaces in rocky shores. 

So great a range of different echinoids inhabits the 
coasts of the Indian Ocean and Malaya that those 
areas are regarded as the world center for shore- 
inhabiting kinds. In all directions from that center the 
number of unlike types of echinoids decreases. It 
shrinks too in progressively deeper water, and be- 
low fifteen thou’s''»'J fcci none is kno\%n. Temperate 
and polar sear I..^ve the largest number of individuals, 
whereas in the tropics, communities of urchins arc 
less frequent although the number of different kinds 
is more impressive. In the Arctic, urchins often con- 
gregate in such abundance that it would be impos- 
sible for a skin diver to set down a foot between one 
urchin and the next. 

About 750 species of living echinoids have been 
identified, most of them members of groups with rep- 
resentatives in shallow water. Some of these can be 
recognized at a glance. 


SEA URCHINS 

Hatpin urchins, the bane of waders and skin div- 
ers, are the most respected cchinoderms in tropical 
and subtropical waters. They include also the largest 
of the regular echinoids to be found near shore. 
Much larger ones, which belong to family Echino- 
thuridae, arc found in very deep waters. 

The spines of these urchins may be 1 foot long, 
shaped like needles, jet black, fragile, hollow and 
probably poison-filled. They penetrate human skin 
easily, break off, and cause intense P®*"' 

Eventually the lime of the spine is absorbed. Whorls 
of minute teeth around each spine resist extraction, 
and the material of the spine itself tends to crumble 
in a pair of tweezers. 

No one who has watched these bi| urchins on a 
reef or experimented with them in an aquanum 
tank has any doubts about the role of the long spines. 
The urchin keeps them in constant motion, and re- 
sponds to any shadow by turning even more spinw 

in that direction. With only a 

light in the black skin covering the sheU. the urchm 

seems very well aware of any chMgc in its surrou 

ings affecting the illumination falling upon It. 

The hatpin urchin of the Mediterranean and tropi- 
cal eastern Atlantic is Cenirostephanus longjspum, 
a black-bodied animal with bristly colored spines 
kept constantly in motion, the tip of each spine tra^ 
ing a unaU circle in tiie water. 
the East Indies and Z>. antiBamm ci the West inflw 


and Florida keys present the same formidable appear* 
ance. Commonly they cluster in cavities of coral reeli, 
and all of the r^ly laife ones seem to have prelec- 
tion of this sort. 

When stirred into movement a hatpin urchin cee 
travel at from one to one and one-half Inches per 
second, "walking" on the tips of shorter spines over 
the oral surface. This is about sixty times as fast as 
the maximum for the common sea urchins of New 
England coasts on their multiple tube-feet. 

Cidarid urchins differ in that they bear two very 
different sizes and types of spines. The large ones 
may be as long as the diameter of the shell, and are 
widely spaced and covered by a wooly. hairlike ma- 
terial to which foreign partidai often cling. Their 
sruall spines, by contrast, are el spotlessly clean as 
those of other sea urchins. Seme of the small spines 
form a whorl around the beae of each large spine. 

Of cidurids, Cidaris trihuUndrs is familiar in tropi- 
cal parts of Che eastern Atlantic, and from North 
Carolina to Brazil, throughout the West Indies, and 
in Bermuda. It reaches a diameter of inches and 
is mottled in various shades of brown. Often its large 
spines carry such a crust of moss animals (bryo- 
zoans) that the bands of purplish red and yellow arc 
concealed. 

In scientific circles the sea urchins that have be- 
come most distinguished are plain purplish brown, 
measuring between 1 12 nd 2 inches in diameter, with 
the anus in the middle of the aboral surface clearly 
equipped with four or five large plates acting as 
valves. These urchins arc poorly armed, usually 
lacking glandular pedicellariae and bearing only mod- 
erately slender spines about half as long as the width 
of the shell. Shorter spines around the mouth wear 


shiny caps. 

These urchins of the genus Arbacia have provided 
experimental biology with study material to a de- 
gree paralleled only by the fruit fly in genetics, the 
white rat in nutrition, and the frog in inveat^atloos 
of muscle action. The most famous of them is AfbtKig 
punctuiata, found from Cqm Cod to Florida and 
throughout the West Indies, A. Uxula lives in the 
MedHerranean and along tropical ooesU of the east- 
ern AUantk. A, nelUua is a very sMtar urchin oc- 
curring from Mexico’s Baja California to Feni ekmg 
the eastern Pacific. . _ , 

Most of the familiar sea tirddns are not hitm 
urchins or cidarids or di st in guMied members ^ 
the genus Arbacia, Instead, they are of types with 
solid spines and an abundance of aO four types of 

^^oSTshoms from the CarolinasAroiii^i the Wem ln» 

dies, the good-sfaetl sonimrhat 
whose solid, while spines agate a darte ^ 
it a shaggy appearance, usually proves to hi 
cUma vmkaaUtt. Oem lo lh» Itah 
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where waves break over it and the sun is particularly 
bright, Lytechinus often uses the tube-feet on its 
aboral surface to hold pieces of seaweed and bits of 
coral or stones as a shield and shade. In deeper wa- 
ter this habit is less frequent. 

Echinus miliaris, found in British coastal waters, 
tends to conceal itself in the same way. Apparently it 
is a less active animal than its close relative, the edi- 
ble urchin E. esculentus (Plate 136), for the latter 
remains clean as it forages about for a mixed diet of 
shellfish, tube-building worms, crustaceans, small 
echinoderms, and hydroids. 

The “sea egg” of Barbados and other islands in 
the West Indies is Tripneustes veniricosus, a particu- 
larly common n tun sought for human food at sea- 
sons when iiic orange-colored ovaries are loaded 
with eggs. Native people collect large numbers of 
them, break them open, and either eat them raw or 
roast them on the half shell or fry the ovaries as 
though they were an omelet of hen's eggs, in Italy the 
egg masses of sea urchins are marketed in coastal 
towns as “frutta di mare.” The favored Mediterra- 
nean species is Paracentrotus lividus. 

Recent immigrants to New England sometimes 
seek out the largest specimens of a green sea urchin, 
Strongylocentrotus droehbachiensis (recipient of one 
of the longest scientific names on record). It takes 
the place of Arhacia north of Cape Cod. It is found 
also on northern European and Pacific coasts. This 
animal is like Arbacia in being mostly a vegetarian, 
feeding on seaweeds of definite kinds. Along the Ca- 
nadian east coast, it has become addicted to a diet of 
cannery wastes. In the Baltic Sea, it often varies its 
diet with hydroids, tube-building worms, and other 
foods. The big purple or red Strongvfocentrotus 
franciscanus (Plate 137) is sought by Italians in 
California for its tasty ovaries, which are eaten raw. 

A fair number of different urchins bore into rock, 
seemin^y by working on it with the hard teeth of the 
Aristotle's lantern or by abrading it with spines. An- 
other possibility is that they keep the rock so free of 
plant particles that erosion is hastened. Any loose 
particles arc probably removed by the tube-feet. 
In any case the process is slow. 

The commonest boring urchin along rocky coasts 
from Norway and Iceland to the Cape Verde Islands 
is Psammechinus miliaris. In the Mediterranean and 
farther down the west coast of Africa, Paracentrotus 
lividus has the same habit, and can be found in 
honeycombed rock — ^a dark green animal with 
spines of bright green, violet, and brown. Strongy~ 
locentrotus purpuratus, a purple urchin along ^ 
Pacific side of North America, not only cuts cavities 
in hard rock but has done extensive damage to steel 
posts used as yharf p iling s in California. Its food 
consists mostly of plant materials. 

If one of these boriqg urchins is distorbedy it at- 


tempts to wedge itself at the boctoin of hs cavity. 
Possibly this is its protection against wave action loo. 
Yet when the tide is in these animak apparently 
wander away from their holes, feed on aigaa or other 
material, and then return to the security of the 
home they have prepared. Sometimes an urchin be- 
comes imprisoned in its cavity, having opened a Mg 
enough room but not enlarged the doorway through 
which it entered at a smaller siae and younger age. 

On rocks of various Pacific islands, 
trotus atratus demonstrates a very different ieehnk|tte 
in resisting wave action. Its aboral spines are all 
short, flat, bladelike organs that shield the body from 
debris carried in the surf. Similar spines around the 
somewhat flattened body suggest the petals of a 
daisy. These too seem to aid the animal by using the 
force of a wave to hold the body against a rock. 

Heterot'entrotus mammiiUitus is the slate-pencil ur- 
chin of the Indo-Paciftc and Hawaii. Its sli^tly flat- 
tened spines may be of an inch in diameter and 
5 i n c h es long The lime of which they are composed 
is hard and white, it can be used to make clear, 
erasible marks on old-fashioned writing slates. 

THE CAKE URCHINS AND 
SAND DOLLARS 

A bit of broken shell from a cake urchin or a sand 
dollar shows many differences from any fragment of 
a sea urchin's test. 1‘he limy plates are thicker and 
little vertical struts (st^ch as no sea urchin possesses) 
extend as braces between the aboral and oral sur- 
faces. 

The intact shell of a cake urchin or a sand dollar 
shows, too, a bilateral symmetry through slight elon- 
gation and in the displacement of the anal opening 
toward the edge of the shell, on either the oral or the 
aboral surface. The aboral surface itself bears a strik- 
ing pattern of five petal-shaped marks (petaloids) 
corresponding to the tracts of tube-fool holM in a sea 
urchin's shell. 

Over much of the oral and aboral surfaces of both 
cake urchins and sand dollars, short tube-leet esiend 
singly through a multitude of small openii^. Aloiqi; 
with inconspicuous pedicellariae they serve to keep 
the body clean and perhaps also in feeding. Thom 
on the undersurface aid the spines In locomotion and 
in the digging movements by means of wfetdi Ibeae 
animals sink themselves in the surface s e diments . 

Cake urchins are oval creatures with no dheinct 
edge to the shell. The common Cfypeamtr k cov- 
ered by a dense, furlike coating of short dark-brown 
spines. C. rosaceus it known as a “sea bbeuit** in the 
West Indies. C. suhdepressus buisows shallowly in 
tidal areas from North Carolina to BradL 

Sand dollars are very flat, the edge of tte body 
thin and dktinci. Mom of those known live eknn 
samfy shores of America and Jqmn. BthbmaHmlm 
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(Top to bottom) salp, lancelet and sea squirt 


Invertebrate 

Chordates 

{Phyhnn Chorduto) 


If it were not for the existence of sea squirts, salps, 
and lancelets, the phylum Chordata would consist 
only of vertebrate animals — ^those with a vertebral 
skeleton or backbone. But sea squirts, salps, and 
lancelets do exist. This fact necessitates a broader 
view of the qualifications for membership in the 
phylum Chordata. 

This subdivision of the animal kingdom takes its 
name from the notochord, a stiffening rod of charac- 
teristic construction serving as the first, inner, skeletal 
support of the body. A notochord consists of a fibrous 
sheath around a multitude of translucent cells whose 
turgid condition provides firmness with flexibility. 

Possession of a notochord prevents a chordate’s 
body from telescoping as an earthworm does when its 
longitudinal muscles contract. Instead, a notochord- 
bearing creature bends from side to side, undulating 
as a fish does. Lancelets retain the notochord through- 
out life, whereas sea squirts, salps, and vertebrates 
possess one only during larval or embryonic stages of 
development. No member of any other phylum has a 
notochord. 

Above its notochord, a chordate has a tubular 
dorsd nerve cord, which may be enlarged at the an- 
rt^rior end into a true brain. This part of the animal 
Wises in a uniform manner in all chordates from sea 
squirt to man, a procedure quite unlike any of the 
ways in which a nervous system develops in mem- 
ben of any other phylum. 


Chordates also .ihow a third feature, found else- 
where only among acorn worms (hemichoidates) : a 
series of openings between the pharynx region of the 
digestive tract and the outside of the animal. Gill slits 
of this kind are used throughout life by acorn worms, 
sea squirts and salps, lancelets, and such vertebrates 
as lampreys and Ash. The tadpole stages of amphib- 
ians use gill slits. Reptiles and warm-blooded verte- 
brates possess pharyngeal clefts only during embry- 
onic development. 

The invertebrate chordates include a few hundred 
members of the subphylum Urochordata (sea squirts, 
pyrosomes, and salps) and about thirty different kinds 
of lancelets in subphylum Cephalochordata. These 
names refer to the fact that in urochordates the 
notochord is restricted to the tail region, whereas 
in cephalochordates it extends to the anterior end of 
the body. 

Invertebrate chordates resemble one another in 
being exclusively marine and in possession of a pe- 
culiar pocket, the atrium. Water from the pharynx 
passes through the pharyngeal slits into the atrium, 
and then to the outside world through a permanent 
opening, the atrial pore. This current of water is 
maintained by cilia on most inner surfaces of the 
pharynx. It brings particles of food which become 
entrapped in a film of mucus secreted over the same 
pharyngeal surfaces. Cilia also move the loaded mu- 
cus into a groove along the length of the pharynx 
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and within this narrow passageway as a food-charged 
rope into the gullet and stomach. Thus the inverte- 
brate chordates are filter feeders, depending upon 
plankton and detritus particles for nourishment. 


The Sea Squirts and 

Their Kin (Subphylum VnHrhordata) 


Most sea squirts consist simply of a saclike body 
permanently attached to some solid object or buried 
shallowly in the ocean bottom. One body opening ad- 
mits u current of water. The other serves for the 
escape of the ' -..ic current as well as of wastes and 
reproductive products. 

The tadpole stage of most sea squirts could swim 
through a buttonhole quite easily. Even in a shallow 
dish with a black bottom, their tadpole-shaped bod- 
ies are so transparent that it is easy to overlook them. 
Yet the tail contains the complete notochord and the 
slender nerve cord extending from a slightly enlarged 
hollow brain in the dorsal portion of the body. A 
light-sensitive simple eye and a minute organ of bal- 
ance arc embedded in the walls of the brain. 

The anterior end of the larval sea squirt is occu- 
pied by the adhesive organs with which the creature 
will attach itself at the time of transformation into 
adult form. Already, however, it shows a small mouth 
(incurrent opening) well forward on the dorsal sur- 
face, leading into a capacious pharynx. Gill slits 
through the pharyngeal walls communicate with the 
atrium, which opens dorsally farther back on the 
body. The small stomach is connected by a short in- 
testine ending in the atrium, nearer the cxcurrcnt 
opening from which water is discharged. 

When a sea squirt larva attaches itself and trans- 
forms, it literally stands on its face while absorbing 
and obliterating its tail, notochord, sense organ^ 
and so much of the nervous system that only a solid 
ganglion remains, with nerves extending to the few 
internal organs. At the same time thc^dorsal surfa^ 
becomes distorted through great enlargement of the 
pharynx, until the incurrent and cxcurrcnt openings 
are rais^ like two spouts on the squat body. Ex- 
ternaUy the body surface secretes a covering of ccUu- 
lose as the tunic from which the attached 
gains another common name, “tunicate (Plate 
144). 

When a beachcomber disturbs a sea squirt, tte 
creature usually contracts. On a rock between tide 
marks this event is made obvious by two little jcis of 
water, one from the incurrent opening (mouth) and 
the other from the excurrent (atrium). If a person 
wearing slacks inadvertently steps beside a Iwgc sea 
squirt on the beach, one or both jets may easily go up 


inside the trouser leg and reach the knee, to the 
walker's sudden dismay. 

Along the Atlantic shores and also in California, 
a common sea squirt with incurrent and excunetif 
openings close together is Ckma iniestimdis. its pale 
golden-yellow tunic and body waU are so transparent 
that the inner organs can be seen through them. 
The height of the slender body ranges from about 
1(^ to 214 inches. Its favorite sites for attachment 
seem to be rocks, floats, and submerged timbers. 

Tethyum pyriformr, the tea peach (Plate 1431, is 
of the right sue and shape to earn its name, and 
varies in color from orange to yellow, suffused with 
pink or red. It is a strikingly handsome member of 
the coastal population from Maine northward in 
cold, shallow water. 

Sea grapes are clusters of Mo/gu/ii numhauenMis, 
the commonest sea squirt along North America's At- 
lantic coasts from Massachusetts southward. Each 
‘'grape" is almost spherical, about I inch in diame- 
ter, and greenish yellow in cokir. The surface ap- 
pears soft and spongy, and often serves as a site for 
the attachment of other kinds of animals. 

Many sea squirts reproduce by budding as well as 
by sexual means. They often build large, complex 
colonies coating the surface of stones, sea walls, and 
pilings (Plate 1421. The various colonial species of 
the genus Amarouiium arc popularly called “sea 
pork" from the translucent gray, tough tunic linking 
one individual to the nett. 

In addition to the attached sea squirts (class As- 
cidiacea), the urochords include several types of 
free-swimming pelagic animals. Appendkrularians 
(class Larvaceae) never metamorphose from the 
swimming, tadpole-like larval stage. Instead, they 
develop reproductive organs and reproduce their 
kind without ever “growing up.” Their wl^ \hnn 
are spent as minute creatures swimming In upper 
levels of the sea, where they secrete compikated 
food traps of mucus in the form of a lemon-shaped 
house. Every few hours the trap is discarded becau s e 
it becomes clogged with particles unsuitable as food, 
and the appendicularian spei^ about thirty mill- 
utes creating a new one into which it can move. 

Members of class Thaliaoea are traospifttiit ani- 
mals that reach far larger sixe or gimp themselves 
together into colonies big enough to handle eaitty* 
Among the most spectacular of them arc Ac pyio- 
somes (Pyrosoma), found swimming gantiy in the 
sea, either near its surface or far down in the depths. 
Pyrosoma means “fire body,” and refers to the fact 
that in the dark these colonics can be detected as 
luminous cylinders moving slowly through the water. 

Each translucent cylinder consuls of bondieds or 
thousands of Vk-inch sea squirts anraiged cadiaBy 
around a tengthwise central cavity, like the sepnraig 
parts of a pineapple around the hole when tile con 
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water itself. They emerge, wriggle a few inches, and 
dive in again so quickly that one naturalist realized 
he could not tell whether they swam mouth forward 
or tail first. To learn the answer, he caught some 
lancelets and carefully dipped the tail of each into a 
harmless dye. Then he released them in an aquar- 
ium with a sandy bottom. Some dove into the sand 
mouth first. Others went tail first. But when thc> 
swam around of their own volition, the mouth was 
always in advance. 

Undisturbed lancelets rest in the sand with just the 
mouth exposed. Water drawn into the pharynx passes 
through oblique S-shaped slits into the atrium and 
emerges into the sand about two-thirds of the wa> 


along the ventral surface. The anus opens farther 
hack, at the base of the narrowly ftn-bordered Utl. 

The reproductive organs, either testes or ovaries, 
form a series of block-shaped hags that bulge into the 
atrium and release their products intti the water 
being discharged through the atrial opening. Fertili- 
zation occurs outside the body, and the devetopment 
of the embryo follows a pattern closeh comparable 
to that in many vertebrates The early stages, how- 
ever, suggest the steps in growth evi an cchimidcrm 
embryo. For this reason, lancelets have been of spe- 
cial interest to scientists, and are still known by an 
outmoded generic name as “umphioxi *' ''Amphi- 
oxus" merely indicates ''pointed at both ends." 
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INDEX 


NOTE : A numeral in parentheser refers to a color plate; a page number followed 
by an asterisk indicates a black-and-white illustration. 


A 


Abuloncs, 178* 
Avanthohdella, 208 
Acunthoccphala. 15, 142 
A cunthoptilum . 1 03 
Achatina, 177, 183 (49) 
Acmaea, 179*, 181* 

Acoels, 120 (36) 

Acorn worm, 146*, 147* 
Avropora, 113 (31) 
Actinophrys, 31 
Aclinopyga, 273, 275 
Actinosphaerium, 31 
Actinozoa, 97 
Adamsia, 105 
Aeolis, 182 
Aequorea, 72 

African sleeping sickness, 26, 
27* 

Aglaophenia, 72 
Alhatrossaster, 277 
Alcyonaccans, 99, 100* 
Alcyonaria, 98 
Alcyonium, 99*, 102 (9) 
Allopora, 75 
Alpheus, 237 
Amaroucium, 287 
Amebas, 28* 

Amebiasis, 29 
Amoeba, 19, 20, 28*, 29 
Amphihelia, 110 
Amphineura, 159 
**Amphioxus,” 289 
Amphipholis, 285 


Amphipoda, 234 
Amphiporus, 131*, 132 
A mphiscolops, 1 2 1 
Amphitrite, 206* 
Anvylostoma, 137 
Anemones, see Sea anemones 
Anemonia, 106 (14) ( 19) 
Annelida, 15, 200, 205* 
Anodonta, 192 
Anomia, 188 
Anopheles, 49 
Anseropoda, 27 B 
Antedon, 256, 274* 
Antennae, 226 
Anthomastas, 101 
Anthopleura, 106, 107* (13) 
Anthozoa, 97 
Anlipatharians, 113 
Aphrodite, 202 (85) 
Aplacophora, 160 
Aplysia (60) 
Appendicularians, 287 
Arachnida, 243 
Araneae, 243 
Arcella, 29 
**Archiannelids,” 204 
Architeuthis, 197 
Arenicola, 203 
Argiope, 244* 

Argonauta, 199 
Argulus, 232 
Argyronecta, 244 
Argyrotheca, 155 


Ariolimax, 185* 

Arion (71) 

“Aristotle’s lantern,” 281 
Armadillidium, 234, 236* 
Arrow worms. 144*, 145* 
Anemia, 229* 
Arthropoda, 15, 226 
Articulata, 155 
Ascarids, 133 
Ast'uris, 133, 136 
Aschelminthcs, 133 
Ascomorpha, 139 
A scone ma, 61 
Aselius, 234 

Asexual reproduction, 20 
Astacopsis, 238 
A star us, 237 

Asterias, 279, :80* (124) 
Asterina, 278 
Asteroidea, 276 
Astrangia, 110, 111* 
Astroides, 1 1 1 (24) 
Astrometis, 279 
Astropecten, 277 
Atolls, 113 
Atrium, 286 
Auger snails, 1 77 
Aurelia, 76*, 80 
Avicularia, 245 
Avicularium, 151 
“Avoiding reaction,” 52 
Axinella (3) 
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B 


Balanoglossus. 146 

Bipalium, 123 

Branchioverianthus, 7 1 , 72 

Balanophyllia, 1 1 0 

Birgus, 238 (102) 

“Brandling,” 206 

Balantidium, 53 

Bispira (84) 

Breadcrumb sponge ( 1 ) 

Balaniis, 233, 234*, 235* 

Black corals, 1 1 3 

Brine shrimp, 229* 

Barber-shor shrimp (90) 

Black pearls, 187 

Bristle-footed worms, 202*, 206 

Barnacles, 233, 234* 

Black widow spider. 245 (113) 

Brittle star, 254, 284 (131-133) 

Barrier reefs, 1 1 3 

Blood fluke, 119, 126 

“Brown bodies.” 150 

Basket star, 285 (134) 

Bloodsucker, 225 

Bryozoa, 15, 150, 151* (33) 

Bathyplotes, 275 

“Bluebottle,” 75 

(34) 

Bdelloid rotifers, 138 

Boat shell. 180 

Bubble shell (57) 

Bdelloura, 123 

Bodo, 26 

Budding, 20 

Beach fleas, 235 

Bolinopsis, 1 1 8 

Bugula, 153 (34) 

Bean shells, 1 88 

Boloceroides, 108 

Bunodaclis, 107 (21) 

Bear animalcules, 226*, 227 

Bonellia, 157* 

Busy con (104) 

Beard worms, 148* 

Bootlace worm, 129, 130* 

“Butterfly fish,” 159 

Bear's-paw clam, 192 

Botryllus (142) 

“Butterfly shells,” 189, 191* 

“Beche-de-mer,’’ 274, 275* 

Brachiopoda, 154, 155* 

Byssus, 187 

Beroe, 116, 118 

Brachyura, 238 

“By-the-wind sailor,” 75 

Bilateral symmetry, 14 

Brain corals, 108*, 109 (27) 


Binary fission, 20 

Branvhellion, 225 



C 

Caecum, 177 

Carteria, 25 

Ceratosoma (65), (66) 

Cake urchin, 283 

Caryhdea, 80 

Cercaria, 125 

Calanus, 231, 232* 

Caryophyllia, 1 10 (23) 

Cerebratulus, 131, 132 

Calcarea, 59 

Cassiopeia, 97, 98* 

Cereus, 108 

Calliactis, 106, 107 (15) 

Cassis, 181 

Cerianthids, 104 

Callinectes, 239 

“Cat’s eyes,” 1 15 

Cerianthus, 114, 149 (32) 

Calliostoma (52) 

Caudina, 276 

Cestids, 118 

Camharus, 237 (94) 

Centipedes. 226*, 240*, (117) 

Cestoda, 126 

Cameos, 181 

Centrostephanus, 281 

Cestodaria, 127 

Cancer, 239 (96) 

Centruroides, 248 

Cestum, 118 

Caprella, 235, 238* 

Cepaea (50) 

Chaetognatha, 15, 144 

Carapace, 235 

Cephalochordata, 286, 288 

Chaetopleura, 160 

Carchesium, 54 

Ceptudodiscus, 147 

Chaetopterus, 203, 204* 

Carcinides, 239 (95) 

Ceplialopoda, 194 

Chagas’s disease, 27 

Carcinonemertes, 132 

Cephalothorax, 235 

Chainworm, 201 

Carcinoscorpius, 243 

Ceramaster, 277 (130) 

Chalk, 30 

Cardisoma (98) 

Ceratia, 182 

Chama, 188 

Cardium, 191 

Ceratium, 23*, 24 

Charonia, 181 
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Chcilostomata, 153 
Chclicerae, 226 
“Chelicerate/’ 226 
Chelifen 248 
Chigger 251 
Chilomonas, 23 
Chilopoda, 240 
Chink shells, 160 
Chiridota, 276 
Chiropsalmus, 76, 80 
Chiton, 158*, 159 (38) 
Chlamydomonas, 25 
Chlamys, 189* 
Chlorophyll, 21 
Choanoflagellates, 26 
Chordata, 14, 15 
Chromatophores, 21 
ChromuUna, 22 
Chrysaora, 80 
Chrysomonuds, 22 
Cidarids, 281 
Cidahs, 281 
Cilia, 51 
Ciliata, 51 
dona, 287, 288* 
Cirripedia, 233 
Cistenides, 202 
Cladoccra, 230, 232* 
Clams, 158*, 184 
Clamworm, 201* 
Clathrulim, 31 
C/ai'fl, 72 (4) 

Clavellina (144) 

Cliona, 63 
Clione, 177* 

Clionidae, 64 


Clitellio, 206 
Clitellum, 206 
Ctonorvhis, 125* 

“Cloth ol gold,” 187 
Clypeaster, 283 
Cnidaria, 67, 68 
Coccidians, 49 
Coccidiosis, 49 
Coccoliths, 23, 30 
Cockle, 191 
Cocoon, 206 
Codosif*a, 26 
Coelenlcrata, 15, 67 
Coenohita ( 101 ) 

Coleps, 52 
“Collar cells,” 57 
C olohocen tnmis, 283 
Colossendeist 253 
Colpoda, 52 
Comb jellies, 115, 117* 
“Compensation cavity,” 151 
Conchodernuu 233 
Conchs, 177, 180 (51) 
Cone snails, 177 
Conjugants, 51 
Contractile vacuole, 21 
Conus. Ml (59) 

Convoluta, 121 (36) 
Copepoda, 230, 231*, 232* 
Coc|uinas, 188, 191* 

Coral reefs, 1 1 1 
Corals, 97 (23-29), (31) 
Corallium. 102 
CordyJophora. 72 
Coronate jellyfishes, 80 
Coronula, 233 


Corymorpha, 72 
Coscinasierias, 280 
Cowries, 181, 184* (58) 
Crabs, 239 (95-104) 

Crangon. 236, 237 
Crania, 154 
Craspedacustu, 74 
Ctaterolophus, 77* 

Crayfishes, 237, 239* (93) 
(94) 

Crepidula, 180 
CreseLs, 197* 

Crinoidea, 255 
CristatvUa. 152 
Crossaster. 279 (127) 
Crustacea. 229 
Cryptochiton. 160 
Cryptomonads, 23 
Ctenidla, 177 
Ctenodiscus. 277 
Ctenophora, 15, 115 
Ctenoplana. 1 1 8 
Ctenostomata, 153 
Cuboidal jellyfishes, 80 
Cucumaria. 275 (140) 
“Cultured pearls,” 186 
Cuttlefish, 194 (75) 

Cyanea. 76, 78*, 80, 97 
Cyclops, 231* 

Cydippids, 1 1 6 
Cypraea. 184* (58) 

“Cyprid” stage, 233 
Cypris, 233 
Cysts, 19 


D 


Dactylometra, 76, 79*, 97 (7) 
Daddy longlegs, 249, 252* 
Daphnia, 230* 

“Date mussel," 191 
“Dead men's fingers,” 99* 
Decapoda, 236 
Deep scattering layer, 231 


Dendronotus (63) 
Dendrophyllia, 1 10 
Dendrosoma, 55 
Dentalium, 193, 198* 
Dermacentor, 252 
Dermanyssus, 251 
DerOt 306 


Diadema, 281, 282* 
Diadumene, 108 
Dihothriocephalus, 127 
Didinium, 51, 52 
Difflugia, 29 
Digenetic flukes* 125 
Dinobryon, 22 * 
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Dinoflagellates, 23*, 24* 
Dinophilus, 204 
Diodora (47) 

DiopatrUt 203 
Diphyllohothrium, 127 
Diplomonads, 28 


Diplopoda, 241 Driiophaga, 139 

Doliolum, 288 Dromia (103) 

Dolomedes, 244 (109), (111) DSL, 23 1 

Donax, 188, 191* Dugesia, 122* 

Dourine disease, 27 Dysentery, 29 

Dracunculis, 137 


E 

Ear shells, 178 

Eiscnia, 206 

Epizoanthus, 1 1 3 ( 30 ) 

Earthworm, 204, 207* 

Eledonv (78-80) 

‘‘Errantia," 202 

Echinarachnius, 283 

Elephantiasis, 138 

I'Mimmchipus, 228*, 229 

Echinococcus, 128 

Elephant's-ear sponge, 64* 

Euccstoda, 127 

Echinodera, 140 

Elephant-tusk shell, 193 

Etidistylia (81 ) 

“Echinoderc,” 140 

Elkhorn coral, 112* 

Eiiglena, 24, 25* 

Echinodermata, 15, 254 

Elphidium, 31 

Euglenoids, 25 

Echinodiscus, 284 

Empledonema, 132 

Eiigorgia, 101 

Echinoidea, 280 

Enchytraem, 200, 206 

Lukrohnia, 145 

Echinus, 283 (136) 

Encopc, 284 

Eunice , 202. 203* 

Echiuroidea, 15, 157* 

Encystment, 19 

Eunicclla, 102 (11) 

Echiurus, 157 

Ettsis, 189, 192* 

Eunoa, 202 

Ectoprocta, 150 

Entamoeba, 29 

Eu pent acta (MO) 

Eciyodoryx, 63 

Enterohius, 138 

Euphausiacea, 236 

Edged sea stars, 277 

Entoprocta, 15, 143* 

Euplanaria, 122 

Ed wards ia, 105 

Epiactis, 108 (16) 

Eupicctella, 6 1 * 

Edwardsiella, 105 

Epidinium, 21, 53 

Euplotes, 54 

“Eelworms,” 133 

Ephippium, 230 

Eurypterida, 242 

Eimeria, 49 

Epistylis, 54 



F 


Fairy shrimp, 228*, 229 

Fire worm, 202 

Foraminiferans, 29, 30*, 31* 

'"False spiders,*’ 247 

Fish louse, 232 

“Forams,” 29 

Fan worms, 205* (83), (84) 

FmureUa, 179 

Forccps-carrying sea stars, 279 

Fasciola, 126 

Flahellum, 110 

Forcipulata, 279 

Feather-duster worms, 200*, 

Flagellata, 16, 21 

Forskalia, 76 

203 (81) 

Flagellum, 21 

Fredericella, 152 

Feather stars, 255, 256, 274* 

Flatworms, 119, 123*, 124* 

Fresh-water clams, 192, 195* 

(135) 

(35), (36) 

Fresh-water mussels, 192 

Filarial worms, 138 

Flukes, 119*, 124 

Fresh-water sponge, 62* 

File shells, 187 (44-46) 

F lustra, 153 

**Frutta di mare,” 283 

Finger sponge, 63* 

Food vacuole, 51 

Fungia, 109 
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G 


Galalhealinum, 148 
Galatheanihemum, 104 
GammaruSy 235 
Carden snails, 187" (50) 
Gastropoda, 160 
Gastrotricha, 15, 139*, 140 
G any ana y 206* 

Gcmmulcs, 59, 64 
Gcoduck, 190 
Geonvmvrte^y 131 
GeophiluSy 241 
Gvrsemiay 101 
''Glacier worms,” 206 


Glaucoma, 20 
Glaucus, 182 
Globigerina, 30 
“Globijzerina ooze,” 30 
Glochidium, 192 
Clossiphonia, 225 
Glottidia, 155 
Colfinf^ia, 156^ 
Conacriniay 104, 106, 108 
GonionemuSy 69*, 74* 
Gonium, 25 
Conyaiilax, 23 
Gordian worms, 141 


Gorgonia, 102 
Gorgonians, 101, 102* 
Gorgonocephalus, 285 
Grantia, 60 
Cregarina, 49* 
Gregarincs, 33, 49* 
Cribble, 234 
Guinea worms, 133, 137 
Gyninodinium, 23 
Gymnolaemata, 153 
GyrodactyluSf 124 


H 


HaematococcuSy 25 
Haemodipsa, 225 
HaemopiSy 225 
HaemoproteuSy 50* 

Hairy stinger, 97 
Halichondriay 62 ( 1 ) 

Haliclonay 62 
Halivlystus, 77*, 80 
HaliotiSy 178* 

Halosydna, 202 * 

Halteriay 53 
Harenactis, 105, 108 
Harvestmen, 249, 252* 

Heart urchin, 284 
Hectocotylized arm, 197 
Heliometra, 256 
Heliopora, 101 
Heliozoans, 31 
Helix, 183, 187* 

Hemichordata, 15, 146 
Hemosporidians, 49 
Henricia, 278 (125) 
Hermissenda (62), (64), (69) 
Hermit crabs, 238 (101), (104) 


Hermodice, 202 
HerpetomonaSy 27 
Herpohdelkiy 225 
HesionCy 202* 
Heterocentrotusy 283, 284* 
Heterodera, 136 
Heteronemerteans, 132 
Heteronercisy 201 
Heteropsammia, 109 
Hexacorallians, 98 
Hexactinellida, 60 
Hinge, 185 
HinniteSy 187 
Hippa, 240* 

Hippopodiusy 15, 76 
Hippospongia, 57* 

Hirudin, 208 
Hirudinea, 208 
Hirudo, 225 

Holoihuria, 273, 275 (141) 
Holothuroidea, 273 
Holotrichs, 52 
Homarusy 237 

Honeycomb worm (86) (87) 


Hoof shells, 1 88 
Hookworms, 137 
Hoplonemerteans, 132 
Hoploplana, 124 
Hormiphoray 1 17 
Horny corals, 101 
Horse conch, 1 77 
Horsehair worms, 141* 
Horseshoe "Lrabs,” 225*, 242* 
Hyalella, 23 ^ 

Hy alone mUy 61 
Hydatid cyst, 128 
Hydatina (57) 

HydractinUiy 12 
Hydra, 73 
Hydras, 72*, 73* 

Hydrocorals, 74 
HydroideSy 204 

Hydroids, 67*, 70*, 71* (4) 
(5) 

Hydrozoa, 70 
Hymeniaddon, 62 
Hymenolepis, 128 
Hypermastiginaib, 28 
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I J K 


Idotea, 234 
Inarticulata, 155 
India ink, 195 
Infusorians, 16 
Introvert, 156 
Ischnochilon, 160 
Isle of Wig.it disease, 252 
Isopoda 234, 236* 
Isospora, 49 


Jackknife clam, 193* 

Janthina, 179 

Jellyfishes, 67*. 69*. 74*, 76*, 
77*, 78*, 97* (7) 

Jingle shells, 188 
Julus, 241 


Kala azar, 27 
Katharina, 160 (39) 

Keratosa, 64 

Keyhole limpet, 179 (47), (48) 
Kinorhyncha, 15, 139*, 140 
Kirchenpautriut 70* 

Krill, 236 


L 


Lacuna, 160 

Lihinia, 239 

Lizzia, 72*, 73 

Lamhis (51 ) 

Lipia, 234 (89) 

Lohophyllia (27) 

Lamellaxis, 184* 

Lif>uus, 183, 188* 

Lobsters, 226*, 237 

Lamellisabellat 148 

Lima, 187 (44) 

LoUgo, 194 (72', (73) 

Lamp shells, 154* 

Limax, 183, 185*, 186* 

Lophelia, 110 

Lancelets, 286*, 288 

Limestones, 30 

Lophogorgia, 101 

Land snails, 182, 184* (49) 

Limnoemda, 74 

Lophophorcs, 155 

Laqueus, 155 

Limnochares (115) 

“Loricates,” 160 

Larvaceae, 287 

Limnoria, 234 

Lucapina, 179 

Latrodectus, 245 (113) 

Limpet, 178, 179*, 180*, 181* 

Lucernaria, 80 

Leeches, 208 

(47), (48) 

Lucernids, 78 

Leioptilus, 103 

Limulus, 242* 

Lugworm, 203 

Leishmania, 27 

Linckia, 278 (129) 

Luidia, 111 (123) 

Lepas, 233, 234* 

Lineus, 129, 130*, 132 

Lumhrivus, 206 

Lepidochiton, 160 

Lingula, 154* 

Luminodesmus, 242 

Lepidonolus, 202 

“Lion’s mane,” 97 

Lycosa, 244 (110) 

Leptodora, 230 

Lithophaga, 191 

Lymnaea, 182 

Leptychaster, 277 

Leucosolenia, 59, 60* 

Littorina, 180, 183* (56) 

Liver flukes, 125* 

Lytechinus, 281 


M 

Macoma, 190 

Macroperipatus, 228 (88) 

Madreporites, 276 

Macracanthorhynchus, 142 

Macrura, 238 

Malacobdella, 132 

Macrobdella, 225 

Madrepora, 110 

Malaria, 49 

Macrocheira, 239 

Madreporarian corals, 109 

“Mandibulate,” 226 
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Mantis shrimps, 240 (91) 

Mertensia, 117 

Monaxonida, 62 

Many-mouthed jellyfishes, 97* 

Mesothuria, 275 

Moniliformis, 142 

Margaropus, 252 

Mesozoa, 15, 133 

Monogenetic flukes, 124 

^'Marine silk,” 187 

Metargiope (114) 

Monogononta, 140 

Martesia, 190 

Metazoa, 15 

Monoplacophora, 159 

Mastax, 139 

Metridium, 104, 105*, 108 (18) 

Monoraphis, 61 

Mastigophora, 21 

(22) 

Monosiga, 26 

Mastigoproctus, 248 (105), 

Microciona, 64 

Montastrea, 65*. 113* 

(106) 

Micron, 18 

Moon snail, 179, 183* (55) 

Mediaster, 278 

Microsfomum, 121 

Mopalia (38) 

Medusa. 68, 70 (6) 

MiUepora, 113 

Moss animals, 150* 

MegalotractuSt 177 

Millepores, 74 

“Mother-of-pearl,” 1 86 

Megascotides, 207 

Millipedes, 241*. 242 (116) 

Multiple fission. 20 

Megathura (48) 

Milne-Edwardsla, 105 

Murex, 181 

Melampus, Ml 

Minyads, 104 

Musculium, 191 

Meleagrina, 188 

Mites. 249 (115) 

Mya, 190 

Mellita, 284, 285* 

Mnemiopsis, 117* 

Mycale, 63 

Meloidogyne, 136 

Modiolus, 187 

Mycetozoa. 18 

Memhranipora (33) 

Molgula, 287 

Mysidacea, 235 

Mermis, 135* 

Mollusca, 15, 158, 177* 

Mytilus, 190* (40) 

Mcrmithid nematodes, 135* 

Molpadonias, 275 


Merostomata, 242 

Monas, 26 



N 

Nagana. 26 

Nauplius stage, 231 , 232, 233 
Nausithoe, 80 

Nautilus, 194, 195, 198* (74) 
Necator, 137 

Ncmatoda, 15. 134* 
Ncmatomorpha, 15, 141 

Nemertea, 15, 129, 131* 

Ncopilina, 159 

Neothyris, 155 

Nephila, 244*. 245 

Nephridia, 156, 159, 200, 208, 
228 

Neptune's goblet, 62 

Nereis, 201* 

Night crawler, 206 

Noctiluca, 24* 

Notochord, 286 

Nucleus, 21 

Nuda, 118 

Nudibranchs, 177, 182 
Nummulites, 30 

Nuttallina, 160 

0 

Obelia, 71 

Octocorallians, 98 

Octopus, 158*. 194, 197, 199* 
(76-80) 

Ocypoda, 239 (99) 

Odontosyllis, 202 

Oikomonas, 26 

Okenia (61) 

Old-maid’s curl, 180 

Oligochaeta, 204 

Olivancillaria (53) 

Oncicola, 142 

One-celled animals, 15 

Oniscus, 234, 236* 

Onychophora, 227 

Ooperipatus, 229 

Opalina, 52 

Opalinids, 52 
“Opelct,” 106 

Operculina, 30 

Operculum, 160 
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Ophiacantha, 28S 
Ophiactis, 285 
Ophiocoma (132) 
Ophiopholis, 285 
Ophioscolex, 285 
Ophiuroidea, 284 
Ophlitaspongia. 62 
''Opisthobranchs,” 177, 182 


Ophiothrix, 285 ( 131 ) 
Opisthorchis. 1 25 * 
Opossum shrimps. 235 
Orb-weaver, 226*, 244* 
OrchestiUt 235 
Orvastvr, 278 
Organelle. 21 
Organ-pipe coral, 101 


Oriental sore, 27 
Ormers, 178 
Osilinus. 182* 
Ostracoda, 232, 233* 
Ostraea, 188 
Oxytricha, 54 
Oyster drills, 177, 181 
Oysters, 188 


p 


0 . 


Pagurus (104) 

Palaemonetes, 237 (92) 
Palconcmcrteans, 132 
Palinurus, 237, 239* 

Palolo worm, 202 
Panope, 190 
PanuliruSt 237 
Paper nautilus. 199 
Paracentrotus, 283 
Paracyamus, 235 
Paragorgia, 101 

Paramecium^ 16*, 18*, 19, 20, 
21, 51 

Paranemertes, ^32 
Parapodia, 201 
Parasitic, 20 
Parazoa, 15, 57 
Parchment worm, 203, 204* 
Patella, 180* 

Patiria, 278 (126) 

Peachia, 105 
Peanut worms, 156* 

Pearl, 186 
Pearl oysters, 188 
Pecten, 186 (42), (43) 
Pectinatella, 151*, 152* 
Pedicellariae, 276 
Pedipalpi, 248 
Pedipalps, 226 
Pelagia, 80 
Pelecypoda, 184 
Pelomyxa, 29 
Pen shells, 187 
Peneus, 236 
Pennatula, 103 
Pennatulaceans, 102 
Peranema, 25* 

Peridinium, 24 


Pcriostracum, 185 
Pvripatoides, 228 
Peripatopsis, 228 
Peripatus, 227* (88) 
Periphyllu, 80 
Peritrichs, 54 
Periwinkle, 180, 183 (56) 
Pctaloids, 283 
Phalangidu, 249 
Phullusia (10) 
Phanerozonia, 111 
Phantom bottom, 1 98, 23 1 
Phascolosoma, 156* 
Pheronana, 61 
Philodina, 138 
Phoronida, 15, 149* 
Phoronis, 149 
Phoronopsis, 149 
Photoreceptor, 21 
Phronima, 235 
Phylactolaemata, 152 
Phyllangia (26) 

Phyllopoda, 229* 

Physa, 182 
Physalia, 75 (8) 
Physophora, 75, 76 
Phytomastigina, 22 
Phytomonads, 25 
Phytomonas, 27 
Piddocks, 190 
“Pill bugs,” 234, 236* (89) 
Pisaster, 279 (118-122) 
Piscicola, 225 
Pismo clam, 1 89 
Pistol shrimps, 237 
Placobdella, 225 
Planarians, 119, 121 
Planorbis, 182 


Planula, 70, 97. 133 
Plasmodium, 50 
Platyhclminthes, 15, 119 
Phityuereis, 202 
Pleurohrachia, 116* 

Pleuroploca, 177 
Plumatella, 152 
Plumularia, 70* 

Podocorynv, 73 
Pogonophora, 15, 148 
Poison, 23, 68, 177, 273 
PoUnices, 179, 183* (55) 
Polychaeta, 201 
Polycluds, 123 
Polygordius, 204 
Polymastia (3) 

Polymastiginids, 27 
Polyorchis (6) 

Polyplacophora, 160 
Polyps, 68, 70 
PolysUma, 125 
Pond snails, 1 82 
Pontobdella, 225 
Porvellio, 234 
Porifera, 15 
Porites, 111 (25) 

Portuguese man-of-war, 69, 75 

( 8 ) 

Poterion, 62 
Prawns, 236 (92) 

Precious coral, 102 
Priapulida, 15, 141* 

Priapulus, 141 
Proales, 139 
Proboscis worm, 129 
Procambarus (93) 

Procerodes, 123 
Procotyla, 123 


300 ] 




“Prosobranchs,” 177 

Pseudoscorpions, 248 

“Purple shell,” 179 

Prosthcceraeus, 124 

Pseudosquilla (91) 

Purples (54) 

Prostoma, 131 

Psilaster, Til 

Pycnogonida, 252, 253* 

Prostomium, 157 

Psolidium, 275 

Pycnopodia, 280 (128) 

Protista, 17 

Psolus, 275 

Pyrosoma, 287 

Protoplasm, 18 

Pteraster, 279 

Pyrosomes, 287 

Protozoa, 15, 16 

Pteropods, 177 


Psammechinus, 283 

Pterosagitta, 145 


Pseiidoceros (35) 

Ptychodera, 146, 147* 


Pseudopods, 28 

''Puhnonates** 111 

Quahog, 190 

Pscudoscorpionida, 248 

“Purple sailor,” 75 

“Quarter-deck shell,” 180 


R 

Radial symmetry, 14 

“Red spider," 252 

Rhopilema, 11 

“Radiolarian ooze,” 32 

“Red tides,” 23 

Ribbon worms, 129, 131*, 132* 

Radiolariun shells, 32* 

Reef corals, 109, 111 (28) 

(37) 

Radiolarians, 16*, 31 

“Respiratory trees,” 273 

Robber crab, 238 ( 102) 

Radula, 158, 177, 194 

Rhabdococls, 121 

Rotifera, 15. 18*. 138, 139* 

Ragworm, 201 

Rhahdopleura, 147 

Roundworms, 133 

Razor clams, 189, 192* 

Rhinophores, 182 

Royal purple, 181 

Razor shell, 192* 

Rhizopoda, 28 


Red snow, 25 

Rhizostoma, 97* 


S 


Sabellaria (86) (87) 

Sabellids, 203, 205* (83) 
Saccoglossux, 146 
Sacculina, 233 
Sagartia, 108 
Sagitta, 144, 145* 

Salps, 286*, 288 
Salt-marsh snails, 177 
Salticus, 245 

Sand dollar, 254, 280, 283, 285* 

Saprozoic, 20 

Sarcodina, 28 

Sarcoptes, 251 

Sarsia, 73 

Saxicava, 190 

Scale worms, 202, 206* (85) 
Scallops, 158*, 186, 189* 
(41-43) 

Scaphopoda, 193, 198* 


Schistosoma, 119, 126 
Scleractinian corals, 109 
Scolex, 126 

Scolopendra, 241 (117) 

Scorpio, 247 
Scorpion ida, 247 
Scorpions, 247, 251* 

Scuds, 235 
Scutigera, 240* 

Scyllaea (68) 

Scyphozoa, 70, 76 
Scyphozoans, 68, 77 
Sea anemones, 104 (13-22), 
(32) 

*'Sea arrowheads,** 284 
Sea bat, 278 (126) 

‘‘Sea beef,” 159 
“Sea biscuit,** 283 
Sea blubbers, 80 


“Sea butterflies,*’ 159, 177*, 
197* 

Sea collar, 1 79 
Sea cradle, 158*, 159 
Sea cucumbeis, 254*, 273, 275* 
(140) (141) 

“Sea egg,” 283 

Sea fans, fc5*,97, 101, 102(11) 
“Sea ferns,” 69 
Sea fingers (9) 

“Sea firs,” 70 

“Sea gooseberries,” 115, 116* 
Sea grapes, 287 
Sea hare, 182 (60) 

Sea lilies, 254*, 255, 256 
Sea mouse, 202 (85) 

Sea nettle, 79* 

“Sea pancake.” i84 ’ 
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Sea peach, 287 (143) 

Sea pens, 102, 103* (10) 

''Sea plumes," 70, 101 

“Sea pork,” 287 

Sea slugs, 177, 182 (61-69) 

Sea spiders, 252, 253* 

Sea squirts, 286*, 287, 288* 
(10) (142) 

Sea stars, 18<#*, 254*, 276, 280* 
(118-125), (129), (130) 

Sea urchins, 254*, 280, 281, 
282*. 284* (136-139) 

“Sea walnuts,” 115*, 117 
Sea wasps, 76, 80 
Sea whips, 65*, 97, 101, 102* 
Seatworm, 138 
“Sedentaria,” 202 
Segmented worms, 200 
Sepia. 194 (75) 

Serpent stars, 254*, 284 
Serpula. 204 (82) 

Serpulids, 204 (82) 

Sertularia. 69, 71 
“Seven-year-itch,” 251 
Sexual reproduction, 20 
Shipworm, 191, 195* 

Shrimps, 236, (90), (91) 
Siboglinum. 148 
SiUqua. 189, 192* 

Siphon, 190 
Siphonophores, 75 
Sipunculoidea, 15, 156 
Sipunculus, 156 
Skeleton shrimp, 235, 238* 
Slaters, 234 

Sleeping sickness, African, 26, 
27* 

Slime molds, 18 
“Slipper shell,” 1 80 


Slugs, 158*, 182, 185*, 186* 
(61-71) 

Snails, 160 (49), (50), (55) 
Snakclocks anemone, 106 (14) 
Soft corals, 99*, 100*. 101* (9) 
(29) 

Soil nematodes, 135 
Solaster. 279 
Solcnogasters, 160 
Solpugida, 247 
Sorocelis, 123 
Sow-bugs, 234, 236* 

Spadella. 145 
Spaerium, 191 
“Spat,” 188 
Spaianf^ust 284 
Sperostoma. 280 
Spheciospongia. 62 
Spicules, 58, 59, 60 
Spiders, 243 (108-114) 
Spinulosa, 278 
Spiny-headed worms, 142* 
Spiny lobster. 237, 239* 

Spiny sea stars, 278 
Spirorhis, 204 
Spirohrachia, 148 
Spirographis (83) 

Spirostomum, 1 8*, 53 
Spirotrichs, 53 
Spirula, 194 
Sponge fisheries, 66 
Sponges. 15, 56* (1), (2), (3) 
Spongilla, 62* 

Spongillidae, 64 
Sporozoa, 32 
Sporulation, 20 
Squids, 194, 197 (72), (73) 
Squilla. 240 
Stalked jellyfishes, 78 


Stalked medusas, 80 
Stalked tunicates, 144 
“Star coral.” 110, 113* 
Starfishes: see Sea stars 
Statoblasts, 152 
Stauromedusas, 78 
Stenopus (90) 

Stenostomata, 153 

Stentor. 18, 5 1, 53* 

Stichodacytyline anemones, 104 

Stichopus. 275 

Stigma, 21 

Sting, 247 

“Stinging corals." 74, 113 
Stoichactis. 104 
Stoloniferans, 101 
Stomatopoda, 240 
Stomolophus. 97 
Stomphia, 106 
Stony corals, 104, 1 12* 
Stromhus, 181 

Strongylocentrotus, 280, 283 

(137) (138) 

Stylatula. 103 
Siylochus, 124 
Stylonychia. 54* 

Suberites (2) 

Suberitidae, 6^ 

Suctoria, 20, 54 
“Sun animalcules,” 31 
Sun stars, 279* (127) 
Surf-dwelling clam, 189 
“Swimmers’ itch,” 119, 126 
Sycon, 60* 

Symmetry, 14 
Synaptula. 276 
Synura, 23 


r 


Tachypleus, 243 
Taenia, 127* 

Tagelus, 193* 

Talorchestia, 235 
Tapeworms. 119*, 126, 127* 
Tarantulas (107) 

Tardigrade, 226 


Tarentine fabric, 187 
Tealia, 105, 107 (17) (20) 
Teguia, 182* 

Tentacles, 160 
Tentaculata, 116 
Terebratulina, 155 
Teredo, 191, 195* 


Tethys, 182 
Tethyum, 287 (143) 
TetHla, 58, 62 
Tetractinellida, 62 
Tetrahymena, 51 
Tetrastemma, 131 
Thais (54) 
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Thalassicola, 31 

“Trepang," 274, 275* 

Trumpet shell, 181 

Thaliacea, 287 

Trichina worm, 136 

Tsetse fly, 27 

Theridion, 244 

Trichinella, 136, 137* 

Tuhastrea, 111 

Thorny corals, 1 13 

Trichodina, 54 

Tube anemones, 104, 114 (32) 

Threadworm, 138 

Trichomonads, 27 

Tube-foot, 255 

Thy one, 275 

Trichomonas, 28 

Tube shell. 177 

Ticks, 249, 253* 

Trichonympha, 28 

Tube worm, (82) 

Tiger cowrie, 184* (58) 

Triclads, 121 

Tuhifex, 200, 206 

Tivela, 189 

Tridacna, 192, 196* 

Tuhipora, 101 

Tjalfiella, 118 

Triopha (67) 

Tnbulanus, 132* (37) 

Tokophrya, 54 

Tripneusies, 283 

Tuhularia, 72 (5) 

Tooth shell, 158*. 193 

“Tripoli stone," 32 

Tuhulipora, 153 

Tracheae, 228 

Trochophore, 156 

Tunicates (144) 

Travhelohdella, 225 

Trombivtila, 251 

Turhatrix, 135 

Trachyline medusas, 74 

Tropiomcira, 256 

Turbellaria, 120 

Tree snail, 183, 188* 

Trypanosoma, 27* 

Turbellarians, 119*, 120 

I'rematoda, 124 

Trypanosomes, 26, 27* 

Tyrian purple, 181 


U V 


Vea, 240 ( 100) 

Vmhellula, 103 

Unio, 192 

Vrechis, 157 

Urnatella, 143 

Urochordata, 286 

Vrosalpinx, 181 

Vacuole, 5 1 

Vampire squid, 199 

Vampyroteuihis, 198 

Velamen, 1 1 8 

Velella, 75 

Velum, 70 

Velvet worms, 226*, 227 

Venom, 245 

Venus, 190 

Venus' flower basket, 61* 

“Venus' girdle," 115*, 118 
Veretillum, 103 (10) 
Vermlcularia, 180 

Victorella, 153 

Vinegarone ( 105) (106) 
Virf^ularia, 103 

Vitamins, 231 

Volvox, 25, 26* 

Vorticella, 54, 55* 

W X Z 

Wampum, 190 

Water fleas, 226*, 230* 

Water spider, 244 
Water-vascular system, 254 
Webs, 243 

Wedge shells, 191* 

Whale louse, 235 

Wharf louse, 234 

Whelks, 177, 180 (104) 
Whipscorpion, 248, 251* (105), 
(106) 

Whipworm, 138 
“Whiteweed," 69, 71 
“Wireworm," 241 

Worm shell, 180 

Wrinkled purples (54) 

Zirfaea, 190 

Zoantharia, 104 

Zoantharians, 98 

Zoanthids, 104, 113 (30) 
Zoochorellae, 22 

Zoomastigina, 26 

Zoolhamnium, 54 

Zooxanthellae, 22, 111 


“Wheel animalcules," 138 

Wheel snails, ] 82 Xiphosura, 242 
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